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THE INFLUENZA EPIDEMIC OF 1918 IN THE AMERICAN 
EXPEDITIONARY FORCES IN FRANCE 
AND ENGLAND 


WARD J]. MacNEAL, M.D 


NEw YORK 


INTRODUCTICN 

In the spring of 1918 reports appeared of an epidemic disease in 
various parts of Southern France, Italy and Spain. Greater publicity 
was given to these reports in Spain, doubtless, in part, because that 
country was not engaged in war. By midsummer this disease had 
spread widely throughout Europe, and in the autumn had involved 
South Africa and America. 

Numerous reports dealing with outbreaks of this disease have 
accumulated in the office of the Chief Surgeon. A. E. F., and in several 
instances special investigations of the epidemiology and _ bacteriology 
of these outbreaks have been reported. The purpose of the preseut 
paper is to give a summary account of the disease in the A. FE. I’., 
based on these reports, and to bring the observations made here into 
correlation with reports of the disease elsewhere. Manifestly, avail- 
able reports are in many instances fragmentary, and the world’s liter- 
ature is not at hand for consultation, even if the necessary time could 
be devoted to it. Especially unsatisfactory are the reports of the 
disease in the military and civilian population of the belligerent coun- 
tries, reports which one reads always with a suspcion that scientific 
accuracy may have been sacrificed to military or political considera- 
tions. It is intended to present here the known facts in regard to the 
disease, without regard to censorship, and it is expected that this 
paper will not receive publicity until the necessity for military or 
political censorship shall have ceased to exist. It may then become 
possible to obtain a sufficient number of reports from different coun- 
tries so as to obtain a broad view of this pandemic and perhaps to 
arrive at clear and definite conclusions in regard to features now 
obscure. 

CLINICAL MANIFESTATIONS 


General Considerations.—The clinical signs and symptoms of the 
disease are not entirely uniform and are similar to the manifestations 
of the group of acute infectious fevers. Were it not for the epidemi- 


| 


658 ARCHIVES OF INTERNAL MEDICINE 


ologic evidence it would be difficult to characterize the disease as a 
distinct and definite clinical entity. Nevertheless, when it appears in 
the epidemic form, the early signs and symptoms are strikingly similar. 
At such times the most common and dangerous mistake is the desig- 
nation of early cerebrospinal fever and of various respiratory infec- 
tions as influenza because of the existence of an epidemic of the 
latter disease. 

Onset.—In the majority of cases, the beginning of the disease has 
been sudden, particularly in the warmer season. For example, a man 
would go to bed feeling entirely well, would awaken in the night with 
a severe headache, followed soon by pain in the back, general malaise 
and fever. In other instances, the man suddenly became aware of 
headache, weakness and pains in the somatic muscles while on duty 
or on attempting some bodily exertion. Epistaxis has been an early 
manifestation in a considerable proportion of cases. Anorrhexia, more 
or less complete, has been usual at the onset and nausea and vomiting 
have occurred in a small proportion. In some outbreaks, particularly 
those in the later months, a slight sore throat or a feeling of cold in 
the head, and in some instances a distinctly localized burning sensation 
in the nasopharynx was noticed twelve to twenty-four hours before 
the fever became evident. In a certain proportion of the cases, the 
onset would appear to have a relation to bodily exertion or fatigue, 
such as guard duty, standing at inspection, or a long march. In offi- 
cers the onset has been observed after delivering lectures of instruc- 
tion as well as other fatiguing duties. 

The onset symptoms, although in most instances severe enough 
to fix the moment of onset in the patient’s mind, have, as a rule, been 
mild enough so that soldiers would not report sick unless especiaily 
ordered to do so. The morale of the average soldier has been such 
that he has hesitated to go to sick call, regarding it as a confession of 
weakness or perhaps an indication that he de- d to shirk. While 
this attitude is, in general, to be commended, and has undoubtedly 
been encouraged by medical officers, it has been a distinct source of 
danger in the presence of this epidemic. The failure to detect 
early cases has cost many lives, and the practice of encouraging imme- 
diate report at the first sign of illness has become an important feature 
in the control of the disease. In the presence of an epidemic it has 
been found wise for the medical officer to inspect every man of his 
organization every afternoon, to examine all who appeared ill and to 
transfer to hospital all with a temperature above 99.5 F. In a con- 
siderable proportion of cases the onset symptoms have been so mild 
as to escape early medical observation. 
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Prostration has been marked in some cases and a few men have 
fainted while awaiting examination at sick call, and many of those 
performing physical labor have found it impossible to continue. 

Within a few hours after onset, the temperature is somewhere 
between 100 and 104 F.; the pharyngeal mucous membrane is slightly 
reddened and rather dry; the nose is remarkably clear and unob- 
structed; the conjunctivae are injected. The patient complains of 
headache, pain in the back, weakness, pain and tenderness in the eye- 
balls and sometimes of a burning in the nasopharynx or a slight sore 
throat. Loss of appetite or even actual distaste for food is observed 
in about half the cases. The pulse rate is slow in comparison to the 
temperature and the prostration. Leukocytosis is usually absent in 
uncomplicated cases, but appears along with the bronchopneumonia. 
Leukopenia has been observed early in the disease. 

In a series of 125 cases examined by Major Richard C. Cabot and 
his colleagues at Base Hospital 6 between September 28 and October 
12, 1918, the frequency of various manifestations were reported by 
Dr. Cabot as follows: Headache in 87 per cent.; backache and aching 
in bones in 64 per cent.; foot or toe pain in 18 per cent.; otitis with 
pain in the ear in 17 per cent.; cough in 92 per cent.; early cough, in 
the first twenty-four to seventy-two hours, in 80 per cent. Coryza 
was noticed by half the patients, but Dr. Tobey found a dark red, dry 
mucous membrane in 90 out of 100 cases of this series examined by 
him. Sore throat was complained of by 37 per cent., and Dr. Tobey 
found a dry red pharynx with swollen lymphoid tissue on the lateral 
wall in 80 per cent. Epistaxis occurred in 35 per cent.; appetite was 
good in 52 per cent. and vomiting occurred in only 21 per cent. In 
100 cases of this series examined by Dr. Hatch, conjunctivitis was not 
found, but the eyes were injected, perhaps somewhat more than in 
most fevers. The neck was somewhat stiff in 12 per cent., but this 
stiffness was never marked. Herpes was observed in 17 per cent. 
Careful examination failed to reveal any distinctive rash. Among the 
125 cases definite signs of bronchopneumonia on admission were 
present in 40 per cent. The otitis was catarrhal, usually with consider- 
able pain for a few hours, but without enough exudate to bulge the 
drum. Dr. Cabot expressed the belief that careful examination in a 
quiet place would reveal consonating rales with diminished breathing 
and slight dulness in nearly all cases, sufficient evidence for a diagnosis 


of bronchopneumonia. 

This series reported by Major Cabot may be regarded as fairly 
typical of the disease as it occurred in France about Oct. 1, 1918. 
The respiratory symptoms were less well marked in the cases seen in 
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the early months, May, June and July, and in them, cough, otitis media 
and signs of bronchopneumonia were very uncommonly observed. 

Course and Outcome.—lIn the early months, May, June and July, 
rest in bed and a purgative were followed by subsidence of the fever 
and amelioration of all symptoms in twenty-four to seventy two 
hours, and prompt recovery without further manifestations, except 
slight weakness and depression. Complications were so rare as to be 
considered non-existent and the relatively few cases of pneumonia 
observed were subsequently regarded as instances of mistaken initial 
diagnosis. 

In the later months, from about the beginning of September, the 
disease has been perhaps less sudden in onset, but the course has been 
distinctly more malignant and a complicating fatal bronchopneumonia 
has become alarmingly frequent; so frequent, indeed, as to suggest a 
new epidemic of an entirely different disease.* Probably this altered 
character has been due to the colder weather, particularly the cold, 
wet weather of early fall, the influence of which has been aggravated 
by the difficulty of troop movements at that time. While some of the 
cases still followed a course not essentially different from that previ- 
ously observed, a very considerable proportion, variable in different 
epidemics, were of the more severe type. 

In these more severe cases, distinct evidence of the tracheobron- 
chitis and bronchopneumonia appeared, sometimes within the first 
forty-eight hours, but usually at about the end of the third or fourth 
day. In many instances the temperature would fall nearly or quite to 
normal on the third day, only to rise again along with the gradwal 
appearance of physical signs of extension of the inflammation in the 
finer bronchi and alveolar tissue of the lungs. This complication was 
observed particularly in those who failed to go to bed promptly at the 
onset of the disease and in those who got out of bed before they should, 
or in those patients who were transported during the febrile period. 
Pleural effusion occurred in some cases; empyema occurred rarely. 
Gradual unconsciousness for some hours before death, with consider- 
able extension of the thoracic dulness in the last forty-eight hours, 
were commonly observed in the fatal cases. When the patient recov- 
ered, the fever fell by lysis after six to twelve days. 

The death rate in these pneumonias has been high, varying from 5 
to 100 per cent. in different epidemics. The death rate for pneumonia 
of all types, as computed in the office of the Chief Surgeon, A. E. F., 
represents the ratio between new cases of pneumonia in hospital and 
deaths from pneumonia in the same period. During July this rate 


* The evidence in regard to this suggestion will he discussed subsequently 
in the section dealing with etiology. 
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varied from 11.4 to 22.0 per cent. in the different weeks, but for the 
last week in October it reached 75 per cent.* and continued high 
during November. The bulk of these deaths resulted from the bron- 
chopneumonia of the influenza epidemic. 

In the series of 125 cases studied by Major Richard C. Cabot and 
his colleagues at Base Hospital 6, there were eighteen deaths, or 
14.4 per cent. of the cases of influenza. Inasmuch as 40 per cent. of 
these cases showed bronchopneumonia on admission, the maximum 
death rate of the pneumonia cases was eighteen in fifty, or 36.0 per 
cent. Doubtless many others in the series also developed pneumonia 
in the hospital so that the death rate for the pneumonia in the series 
may be placed at 14.4 per cent. as a minimum and 36.0 per cent. as a 
maximum. 

The duration of the febrile period was recorded in 87 of these 125 
cases as three days in 11 cases; four days in 7; five days in 10; six 
days in 17; seven days in 11; eight days in 8; nine days in 11; ten 
days in 6; eleven days in 3; twelve days in 2; and fifteen days in one 
case. The relative predominance of three-day and six-day type of 
fever was considered suggestive of identity with the three-day fever 
of the spring and summer. 

The fever reached a point between 102 and 106 F. at its height in 
eighty-five of these cases. The pulse rate ranged between 70 and 100, 
and in 40 per cent. of the cases between 90 and 100. No instances of 
extremely slow pulse, such as reported elsewhere, were observed in 
Cabot’s series. 

Another series of cases reported by Major Thomas K. Martin at 
Base Hospital 8, Oct. 25, 1918, evidently originated on the transports 
during voyage from the United States. In this series there were four 
cases of lobar pneumonia, one of them primary and three secondary 
to influenza, with one death ; 156 cases of bronchopneumonia, of which 
one was primary, 148 cases secondary to influenza, and seven secondary 
to bronchitis, with fifty-two deaths. Pleural fiuid was found in thir- 
teen cases. It was clear in nine cases, turbid in four cases. Bloody 
sputum was observed in 118 cases. The fever terminated by lysis 
between the eighth and tenth day in forty-seven cases; between the 
tenth and thirteenth day in sixty-one cases. Twenty-two cases of 
pneumonia developed in the wards, twenty from influenza, one from 
bronchitis and one in a case of paraplegia. There were 268 cases of 
influenza at the same time, of which 246 were respiratory ; one nervous ; 


*The rate of 75 per cent. pneumonia case mortality as quoted is probably 
erroneous owing to (1) the great delay in receiving full reports of total new 
cases, and (2) to the failure to diagnose and report many of the pneumonias 
actually developing among the influenza cases. 
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nine gastro-intestinal; and twelve febrile. Ear complications and 
sinus involvement were uncommon. Bacteriologic examinations showed 
the presence of the influenza bacillus and of pneumococci in almost 
every case. Hemolytic streptococci were not found. The death rate 
in the pneumonia was 32 per cent. 

Designation.—Without regard to the bacteriologic findings or ques- 
tions of etiology the disease is certainly properly designated as influ- 
enza on the basis of its epidemic and clinical characters alone. 


PATHOLOGIC ANATOMY 

General Considerations.—In the early months of the epidemic the 
disease was so benign in character that deaths which did occur were 
invariably ascribed to other cause. Since about Aug. 15, 1918, deaths 
have become much more frequent and the records of necropsy in this 
disease have become very numerous. From the clinical evidence it 
appears that the bulk of the necropsy records are based on complicated 
cases. The pathology of these later cases will be discussed first. 


The Respiratory Organs.—The larynx, trachea and larger bronchi 
showed swelling, edema, injection and infiltration of the mucous mem- 
brane, which was covered by frothy muco-purulent, often blood- 
stained exudate. The smaller bronchi and bronchioles were also 
involved in the same process and some of them plugged with mucus. 

As a rule, all lobes of both lungs were involved; both lungs were 
large, dark, heavy and firm. On section, the cut surfaces were very 
moist, dripping a bloody, frothy fluid; the color was somewhat varie- 
gated, often showing a few firmer grayish patches of older consolida- 
tion centrally located. Invariably the lower lobes were more severely 
; involved. The whole process in the lungs might be designated as an 
example of massive, pseudo-lobar form of bronchopneumonia of a 
very malignant type. Considerable variation in the appearance of the 
lungs occurred even in the same series. Some prosectors, as for 
example, Capt. Arthur U. Desjardins, were able to distinguish a type 
showing more or less fibrinous pneumonia and a type in which this 
} was not present and to foretell from the gross appearance the bac- 
teriologic demonstration of pneumonococci in the former. In some 


instances gross evidence of hemolysis indicated the presence of hemo- 
lytic streptococci which was subsequently confirmed. The following 
is quoted from a report of necropsy service at Evacuation Hospital 2, 
A. E. F., by Dr. Desjardins : 

“Influenza and its complications: During the recent epidemic about 
800 cases were admitted to the hospital from two divisions moving out 
of a neighboring sector. Of these, twenty-six patients died from 
pulmonary complications. A remarkable feature of this pneumonia 
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was its mixed character. In general, the picture was that of a coales- 
cing bronchopneumonia of great virulence, but in several cases it was 
associated with a certain amount of fibrinous pneumonia. Empyema 
was present .a but two cases. In the development of all these cases 
at least two organisms were implicated, and in many there were three 
or even four. It was almost always possible at the necropsy to deter- 
mine by the appearance of the lungs those cases in which the pneu- 
mococcus was present and those in which it was not.” 
Major George Baehr has enumerated the conditions observed in 
sixty-seven necropsies performed during the first fifteen days of 
October, 1918, at the Beau Desert Hospital Center, in a report dated 
October 21, as follows: ' 
“Necropsies on the individuals dying of influenza pneumonia 
(Spanish Flu) revealed the following characteristics: (1) Fre- 
quency of an associated hemorrhagic tracheo-bronchitis; (2) exten- 
sive though irregular involvement of multiple lobes in massive areas 
of lobular pneumonia consolidation ; (3) frequent existence of a much 
older focus of central pneumonia near the hilus of one or both lower 
lobes; (4) evidence of an explosive-like spread of the pneumonic 
process from this central focus to large areas of the adjacent lung 
parenchyma within the last day or few days before death; (5) relative { 
infrequency of suppuration, empyema thoracis being found only in 
two cases.” 
Serous Cavities—The pleural surfaces were fairly normal or only i 
slightly dulled in luster in many instances; in others, a slight increase 
in clear fluid with or without a tinge of hemoglobin was noted; in 
from 5 to 30 per cent., in different series, a large pleural effusion : 
was present, usually serous, but sometimes serofibrinous or purulent ; 
in 10 to 20 per cent. a plastic fibrinous exudate existed on the pleural 
surfaces. In short, the conditions within the pleural cavities were 
exceedingly diverse. Pericardial effusion and pericarditis have been 
observed in a few instances. When large volumes of fluid were found 


in the chest, the changes in the lungs were less advanced and extensive ; 
than usual. 
Subcutaneous Emphysema.—This was observed in comparatively iM 


few cases in several different outbreaks; beginning in the supracla- 
vicular region or over the anterior chest wall, and becoming more or 
less generalized over the surface of the body. It appeared to be of no 
significance as to the outcome of the case. A postmortem study of 
several such cases by Lieut. David M. Nyquist revealed B. welchii in a 
very few instances but failed to reveal bacteria in the majority of the 
cases. Mechanical obstruction of small bronchi by plugs of muco-pus 
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and subsequent solution of continuity in the structure of the lung is 
the probable explanation of it. 

Rectus Abdominalis.—In a very few instances lesions of the rectus 
muscles have been found. In some cases a necrosis resembling 
Zenker’s necrosis, in other cases hemorrhages into the muscle were 
present. 

Cranial Sinuses.—The first wave of the epidemic in May and June, 
did not have any recognized cases of sinus or aural complications, and 
as there were few if any deaths from influenza at this time no oppor- 
tunity. presented itself to prove the absence of sinus involvement by 
necropsy. Clinical evidence of such involvement was entirely lacking. 
In the later phases of the epidemic, sinus and aural complications were 
occasionally met with. 

Other Organs.—The changes in other organs have been those of 
acute toxemia, manifested particularly in the kidneys, liver and spleen. 
Icterus, apparently of hemolytic origin, was observed in a few 
instances. 

Pathology of Particular Cases.—Clinical histories are available in 
some instances so as to permit a determination of the exact duration 
of the disease before death occurred. Significant features of a few 


necropsies on such cases will be presented. 


Necropsy 5002: Patient had a slight cold on Saturday, October 5, but took 
dinner with friends on that date. He was admitted to American Red Cross 
Military Hospital 1 from the Hotel Meurice at 6 p. m. on October 7 in a dying 
condition; died October 8 at 8:30 a. m. Duration of illness was therefore 
about 60 hours. Pleural cavities contain a few cubic centimeters of cloudy fluid. 
There are no adhesions. Lungs are both of the size of full inspiration. There 
is practically no exudate on either pleural surface. The right lung shows the 
upper two thirds of the upper lobe, the apex of the middle lobe and scatterec 
patches throughout the lower lobe containing solid bluish-red areas, which have 
ill-defined margins. On section these areas are dark red in color and com- 
paratively airless, the surfaces being bathed with a very large amount of bloody 
fluid. The remaining portions of the lungs are heavy with congestion and 
edema, except for a few of the anterior portions, which are dilated and feathery. 
The outer middle portion of the upper lobe and the outer half of the lower lobe 
of the left lung are in a similar condition; otherwise it resembles the right. 
The bronchi of both lungs are deep red in color, bathed with abundant blood- 
stained frothy mucus and covered with a thin, closely adherent, grayish-yellow, 
fibrinous pseudomembrane. The peribronchial lymph nodes are not markedly 
swollen. The sinuses at the base of the skull show some thickening of the 
mucosa and a small amount of mucoid fluid in the left sphenoid and left 
frontal. Smears and cultures from the lungs show streptococci and gram- 
negative bacilli (B. influensae?). Smears from frontal sinus show staphylo- 
cocci, gram-negative bacilli (B. influenzae?) and a short gram-positive bacillus; 
cultures from the same place show staphylococci. Prosector Major H. E. 
Robertson. 

Necrozsy 3456: Patient was admitted to Evacuation Hospital 2 Oct. 16, 1918, 
with a diagnosis of acute influenza; temperature, 103 F.; pulse, 116; respira- 
tion, 24. October 17, the temperature rose to 104 F.; pulse, 104; respiration, 30. 


MacNEAL—INFLUENZA IN A. E. F. 665 


The temperature remained above 104 F., at times reaching 105 F.; respirations 
increased to 50, but the pulse rate did not rise above 104 until the day of his 
death, when it reached 120. Death occurred Oct. 20, 1918, at 11:30 p. m., four 
days after admission. The pleural cavities each contain about 10 cc. of 
clear serum. The parietal pleura is speckled thinly with petechial hemorrhages 
on both sides, and small tags of fibrin hang from it. The areolar tissues of 
the anterior mediastinum are moderately infiltrated with glistening, gelatinous 
material. The posterior and apical portions of the right pleural cavity are 
’ obliterated by very firm fibrous adhesions. The apical and posterior surfaces 
of the right lung are covered with fibrous tags and the pleura is thickened 
and rough. At the apex of the right upper lobe the pleura is puckered and 
thickened, and on section the thickened pleura at this point measures 4 mm.; it 
is whitish in color, very dense and resistant and fibrous in character. Beneath 
this, the cut surface of the apical portion of the right upper lobe is made up 
of irregular grayish-yellow areas, all coalescing, and separated here and there 
by fibrous strands. The middle and lower lobes are large, heavy and dark ; 
their pleural surface has the appearance of pavement, the lines being formed 
by distended lymph channels. The cut surface is very dark, moist and com 
pact; the lobes are entirely consolidated, but the consolidation is peculiar in 
that it is made up of coalescing patches of bronchopneumonia massed together. 
From the atypical appearance one is led to think of a mixed infection. The 
left lung is in the same condition, except the anterior portion of the upper 
lobe, the cut surface of which is markedly hyperemic and has, scattered in it, 
some dark red patches similar in appearance but much larger than the patches 
ordinarily seen in typical bronchopneumonia. The mucosa of the trachea and 
bronchi is very hyperemic and bathed in an abundance of thin, frothy fluid 
The tracheobronchial lymph nodes are moderately enlarged, unusually moist 
and slightly bloody. The tissues of the posterior mediastinum are slightly infil- 
trated with glistening jelly-like material. Prosector, Capt. Arthur U. Desjardins. 

Necropsy 2920: Patient entered Base Hospital 17 Sept. 12, 1918, having been 
in France one week. He had been sick since landing and had been riding in 
a baggage car for several days. He died September 12 at 11:50 p. m. The 
necropsy was performed at 3:25 p. m., September 13. The mediastinum is well 
covered with fat, the right visceral pleura hemorrhagic and injected and cov- 
ered with fibrinous deposits. The pericardial cavity contains about 70 c.c. of ; 
straw-colored fluid. The left lung weighs 1 pound 1342 ounces and shows 
irregular consolidated areas. The right lung weighs 2 pounds 124% ounces. The 
left lung floats in water; on section it shows irregular consolidated areas from 
which frothy mucus exudes. The lobular type is more evident to the sense of 
touch than of sight. The entire right lung floats in waer as do portions from 
the most nearly consolidated portions. Bronchi are red and inflamed. Cultures 
from the brain and from the heart blood are negative; cultures from the right 
lung show B. influensae and Streptococcus viridans. Prosector, Capt. Henry 
W. Cattell. 

Necropsy 3958: Patient entered Base Hospital 8, Oct. 8, 1918, from a newly 
arrived transport. He died at 4 a. m. October 15. Necropsy was performed at 
9:30 a. m., October 15. Pericardial cavity contains about 10 c.c. of a-clear yel 
low fluid. There are numerous hemorrhages on the left side of the pericardium. 
The right lung is adherent posteriorly and the right pleural cavity contains 
about 300 c.c. of a cloudy yellow fluid. The lower half of the pleura is covered 
with a thick layer of yellow fibrinous exudate. The left pleura is slightly 
adherent at the base posteriorly and is also covered with fibrinous exudate. 
The right lung has four lobes, the fourth being a very small one at the apex. 
This is firm and on section is gray and consolidated throughout. The main 
upper lobe is collapsed and contains some nodules. Its surface is dull, gran- 
ular and varying in color from light pink to bluish red. Centrally located there 
is a nodule of gray consolidation the size of a hen’s egg. Around the 
periphery the lung is well aerated and for the most part of a light pink color. 


ia 


666 ARCHIVES OF INTERNAL MEDICINE 


The cut bronchi exude thick yellow pus. The middle lobe is well aerated, 
light pink in color and shows a few hemorrhagic areas. Pus exudes from the 
cut bronchi in this lobe also. The lower lobe is a gray consolidated mass 
of friable tissue and on pressure exudes thick pus. In the left lung the upper, 
middle and anterior portions of the lower lobe are aerated. Surfaces of the 
upper and middle lobes are of a dark red color; on palpation small nodules 
are felt throughout. The posterior half of the lower lobe is consolidated and 
nodules may be felt. The larger nodules in the upper lobe are gray and exude 
pus everywhere when squeezed. For the most part, the tissue is spongy, light 
pink to deep red and quite friable. At the periphery and at the base there is a 
dark red consolidation from which a considerable amount of pus exudes. 
Bacteriology: B. influenzae, pneumococcus and a gram-positive bacillus. Pro- 
sector, Lieut. William L. Aycock. 


Variation Depending Upon Chronicity. — These four abbreviated 
protocols are fairly typical examples of the records of many hundreds 


of cases coming to necropsy in September, October and November, 
1918, and indicate the diversity of picture observed within the thorax. 
These differences appear to have depended essentially on the rapidity 
with which the patient succumbed. The fulminant cases showed a 
picture of malignant coalescing bronchopneumonia which rapidly 
involved almost all the pulmonary tissue. The more chronic cases 
showed distinct foci of older gray consolidation; usually multiple with 
recent more extensive, even general, spread of the pneumonic process. 
Particular attention is directed to the presence of these nodules of 
older inflammation because they assume importance in the subsequent 
discussion of the epidemiology of the disease. 


BACTERIOLOGY 


Clinical. — The bacteriologic examinations made during life on 
sputum or material from the pharynx have shown various organisms, 
usually mixed together. The interest in many instances has centered 
on the question of Pfeiffer’s bacillus and reports in regard to it have 
shown the very widest variations. Cultures made on blood-agar or 
on hemoglobin-agar have revealed, in the large majority of cases, 
pneumococci, streptococci, influenza bacilli, staphylococci and gram- 
negative cocci. Blood cultures taken during life have usually been 
negative, but in a moderate proportion of the cases have shown pneu- 
mococci or streptococci. Fluids obtained by puncture from the pleural 
cavity or from the lung tissue have shown the same organisms and at 
times the influenza bacillus. In certain localities, notably in Base 
Section 2 (Bordeaux and vicinity) and at Camp Coetquidan, enor- 
mous numbers of gram-negative cocci, identified as meningococci, have 
been found in the sputum during life and in the lungs at necropsy in 
a certain number of cases. It is probable that these were instances of 
the pulmonary form of cerebrospinal fever, either primarily such or 
possibly complicating influenza. Attempts to detect a filterable virus 


| 


MacNEAL—INFLUENZA IN A. E. F. 667 


have been reported, but experiments of this kind have not been 
carried out in the American Expeditionary Forces. 

At Necropsy.—At necropsy, also, the bacteriologic findings have 
been variable and have usually shown a mixture of various species of 
microbes. Influenza bacilli, pneumococci of various types, hemolytic 
and non-hemolytic streptococci have occurred most frequently m the 
infiltrated lungs. Postmortem blood cultures have shown B. influensae 
in a few instances, pneumococci and streptococci in a considerable 
number of cases. Cultures taken from the cut surface of the lung at 
necropsy in the series of necropsies at Base Hospital 17, made by the 
staff of the Central Medical Department Laboratory during September, 
1918, showed influenza bacilli in 40 per cent. of the cases, hemolytic 
streptococci in 30 per cent. and pneumococci in 40 per cent., Group IV, 
Type I, Type II and Type III in order of frequency. In many cases, 
two or more of these organisms were isolated from the same tissue. 
More significant, perhaps, have been those necropsies in which a more 
thorough bacteriologic survey of the respiratory tree has been carried 
out by culturing in turn the mucous membranes of the trachea, large 
and small bronchi and alveolar tissue, such as have been reported by 
Capt. Richard M. Taylor and his co-workers in Base Section 1 (St. 
Nazaire and vicinity). In fulminant cases, large numbers of influenza 
bacilli were found, especially in the trachea and bronchi, sometimes 
apparently in pure culture. In most instances, however, the mucous 
membrane of the respiratory tract showed a mixture of organisms; 
in the trachea, influenza bacilli, streptococci, staphylococci, pneumo- 
cocci, gram-negative cocci and occasionally larger gram-negative 
bacilli; farther down, influenza bacilli, pneumococci and streptococci ; 
still lower, influenza bacilli, and one species of the cocci, and finally in 
the consolidated alveolar tissue, the pneumococcus or the streptococcus 
alone, as a rule, but sometimes mixed together or even associated with 
the influenza bacillus in this tissue. These findings suggest that the 
disease has been essentially due to an invasion of the respiratory tract 
by influenza bacilli, followed by and associated with other pharyngeal 
organisms, and that the fatal outcome, in most instances, has been 
brought about particularly by these secondary invaders, in some 
instances streptococci, in others pneumococci. 

The reports from some hospitals indicate that the important secon- 
dary infections were due to pneumococci, but in those instances in 
which type determination was carried out, the strains usually fell into 
three or four type groups, a considerable proportion of them belonging 
to Group IV of the classification of the Rockefeller Institute. In other 
hospitals streptococci were found to be the important secondary 
invaders. The explanation of these results is not entirely clear. It is 
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possible that the distinction between pneumococcus and streptococcus 
has not always been accurately made, and that there has been a ten- 
dency in one place to call all these organisms pneumococci and in 
another to call them streptococci. These reports suggest, however, 
that the secondary invaders may also have spread from patient to 
patient, possibly within the hospital wards. In certain series of 
necropsies, where considerable attention seems to have been devoted 
to the identification of the cocci in the lungs, these invaders were found 
to be quite variable, even in bodies coming from the same hospital 
ward, indicating that their specific nature depended on the type of 
organisms which happened to be present in the upper respiratory 
tract of the man at the time of his illness, rather than on contagion. 


ETIOLOGY 


Infectious Nature.—The epidemic occurrence of the disease leaves 
no reason to doubt its infectious nature. As in all infectious diseases, 
contagion and susceptibility require consideration in the etiology. 


Susceptibility—The military population affords little contrast in 
respect to age and sex. However, it is certain that female nurses have 
been attacked by the disease with some deaths. In the series reported 
by Major Richard C. Cabot, there were sixty-three cases of influenza 
in the personnel of the Base Hospital 6, itself. Of these, forty-three 
were enlisted men, five were officers, and fifteen were nurses, repre- 
senting 12 per cent. of the enlisted personnel, 10 per cent. of the 
officers and 15 per cent. of the nurses. The disease was distinctly 
milder in the nurses and officers than in the enlisted men. The relative 
care possibly explains this difference. Older men, particularly those 
beyond the age of 50, appear to have escaped to such an extent as to 
suggest a real immunity. Men of this age in the A. E. F. have been 
relatively few in number and have probably enjoyed better living con- 
ditions than most of the younger men, so that the evidence of their 
immunity should not be too readily accepted as conclusive. Young 
children of the civilian population appear to have suffered to a con- 
siderable extent, although accurate information has not been obtained. 
Of the soldiers a very large proportion has been found susceptible. 
In some companies as many as 90 per cent. have been stricken within 
a period of ten days, and occasionally from 30 to 50 per cent. of a com- 
pany have reported sick within a period of two days. High incidence 
of the disease has been observed in organizations performing exhaust- 
ing duties and in those exposed to cold and wet, and without proper 
nourishment, particularly in units arriving on crowded transports, 
making long journeys in troop trains and in those undergoing severe 
training. Fatigue evidently plays a part in increasing susceptibility, 
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and the influence of exposure to cold and wet is clearly indicated. 
During the summer the outbreaks seemed to be related to dust in the 
atmosphere, the disease becoming epidemic after a long, dusty march, 
or after a few days of dry, windy weather in camp. Inadequate ven- 
tilation has played an important part, probably by decreasing resistance 
as well as increasing exposure to contagion. 

Contagion.—The malady is unquestionably highly contagious. Some 
of the epidemics have been explosive in character, suggesting that the 
virus had become generally distributed throughout the organization, 
and that the exact moment of onset of the disease had been subse- 
quently determined by some general factor influencing susceptibility, 
such as a hard day’s work, a dusty day or a cold, wet night. It is 
possible that general distribution of the virus at mess by infected food 
or utensils, infected by some member of the kitchen force, may have 
caused some of these explosive outbreaks. Members of the Medical 
Department attending cases of the disease have very frequently con- 
tracted it, and in many organizations the epidemic has progressed 
gradually, involving relatively few new victims each day, after the 
manner of a disease spread by contact. The virus undoubtedly exists 
in the secretions of the upper respiratory tract, from which region its 
dissemination by coughing, sneezing and talking, as well as by contact 
of hands or various utensils, readily occurs. 

Relationship of the Summer and Fall Epidemics—The identity of 
the summer epidemic with the disease prevailing after September 1 
may be called into question, particularly because of the benign char- 
acter of the earlier outbreaks and the high death rate observed later. 
In the later months bronchitis and bronchopneumonia have been very 
common, while such involvement was extremely rare in the summer. 
In favor of the essential identity may be mentioned the similar epi- 
demic character of the outbreaks, the clinical resemblance between the 
milder autumn cases and those of the summer, the rather clear evidence 
indicating a gradual increase in malignancy as the weather has become 
colder, and the similar bacteriologic findings during life. Most con- 
vincing, perhaps, is the similar epidemic character, which alone almost 
suffices to prove the essential unity of causation for the disease in the 
two seasons. Those medical officers who have observed the disease 
in both seasons are inclined to the view that the primary disease is 
essentially the same, with the secondary complication of broncho- 
pneumonia in the colder weather. The unfavorable influence of cold 


and exposure is universally recognized in relation to this disease. 


Specific Organism.—lIn its epidemiologic, clinical, bacteriologic and 
pathologic features, the disease is everywhere recognized as being 
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identical with influenza as it was observed in the pandemic of 1889-90. 
The bacterial findings are those of influenza. In the A. E. F. the 
bacillus of Pfeiffer has been demonstrated in a very large percentage 
of the cases properly examined; in several series it has been demon- 
strated in every case. The cther bacteria isolated, namely, streptococci, 
pneumococci, gram-negative cocci, although undoubtedly the cause of 
death in many cases, can be excluded from consideration as the primary 
cause of the epidemic disease, because of the inconstancy with which 
any one specific type has been encountered. The possible causative 
relation of the bacillus of Pfeiffer cannot be similarly excluded. On 
the other hand, the causative relation of this organism cannot be 
accepted as proven. During this epidemic, as during previous epi- 
demics of influenza, a considerable proportion of throats of persons 
not suffering from the disease have been found to harbor this organ- 
ism or organisms indistinguishable from it by the methods employed. 

A report by Major Kenneth Taylor under date of Nov. 5, 1918, of 
work done in the Base Laboratory, District of Paris, presents evidence 
on this question. In a series of thirty-five selected cases of epidemic 
influenza without signs of bronchopneumonia, cultures of swabs from 
the nasopharynx showed streptococcus in 57 per cent., pneumococcus 
in 74 per cent., and influenza bacillus in 46 per cent. In a second 
group of fifteen cases diagnosed clinically as bronchopneumonia, cul- 
tures of the sputum revealed hemolytic streptococcus in 33 per cent., 
pneumococcus in 87 per cent. and influenza bacillus in 87 per cent. 
Only one of these patients died and in his case pneumococcus and 
hemolytic streptococcus were present in the lung at necropsy. In four 
cases the sputum was inoculated into mice and pneumococcus of 
Group IV and the influenza bacillus were recovered from the animal's 
peritoneum and heart blood. In a third group of twenty-two menin- 
gitis contacts, nasopharyngeal cultures showed influenza bacilli in 
48 per cent. 

A report under date of Sept. 5, 1918, by Capt. Alan M. Chesney 
and Lieut. Marcus P. Neal, on the epidemic of influenza at the Val- 
dahon Camp, contains the records of nasopharyngeal cultures from 106 
cases of influenza, of which 46.2 per cent. showed the influenza bacillus 
and 20.7 per cent. showed streptococci. In a series of twelve normal 
individuals, direct contacts of these cases, the influenza bacillus was 
found in 41.6 per cet :. and the streptococcus in 25.0 per cent. A series 
of forty-two normal individuals, not contacts, examined in the same 
way, showed influenza bacillus in 7.0 per cent., and streptococcus in 
10.0 per cent. 

In order to settle in a convincing fashion the relation of the bacillus 
of Pfeiffer to the disease it would be necessary to carry out a series 
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of very carefully controlled experiments on a group of thoroughly 
segregated men, preferably those confined in a prison which has 
entirely escaped the epidemic. It will not be sufficient to produce by 
the inoculation of pure cultures the clinical manifestations of influenza 
merely in the individual inoculated, but a critical demonstration should 
include the reproduction of the disease with its characteristic epidemic 
feature. 

A limited number of experiments have been reported by various 
investigators suggesting that the causative organism may be a filterable 
virus. More detailed reports of experiments on a considerably larger 
scale will be required before the results can be accepted as conclusive. 
In addition to the numerous sources of error which require attention 
in all investigations of filterable viruses, there is here the special con- 
fusing element of the filterable virus of common colds,* a virus which 
appears to be capable of causing the signs and symptoms of influenza 
in the individual inoculated, but has not been proved to be connected 
with the genuine pandemic disease. 

Until conclusive experiments have been carried out to decide the 
claims of the bacillus of Pfeiffer and of the filterable virus as the cause 
of influenza, one should keep an open mind in regard to the matter. 
It appears fruitless to attempt to settle the question by debate. 


TREATMENT 


/solation. — Influenza patients should be segregated in a separate 
ward and the strictest precautions taken to prevent the spread of the 
disease to other patients in the hospital and to the hospital personnel. 
In addition, because of the serious nature of the secondary infections, 
individual isolation within the ward by means of cubicles, masks, 
thorough sterilization of every article after use in contact with each 
patient, individual personal equipment for each patient as far as pos- 
sible and extraordinary cleanliness of person and clothing on the part 
of attendants and nurses are required. Gross defects in the program 
of isolation will usually be found unless the medical officer in charge 
has given close personal attention to the minute details. Elaborate 


material equipment and extravagant use of linen will not effectively 
compensate for lack of intelligence, skill and diligence in the personnel. 


Therapeutics—For the treatment of the individual patient, the most 
important and essential feature is to put him to bed promptly and 
keep him there until his temperature has become normal and _ his 
appetite has returned. The bowels should be opened at the outset. 
Abundant ventilation and adequate provision to keep the patient warm 


* Foster, George B.: The Etiology of Common Colds, J. Infect. Dis. 24: 
451, 1917. This paper cites other literature on the subject. 
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are essentials. In this way the danger of bronchopneumonia and 
death are reduced to a minimum and the attack remains benign in 
character and short in duration. Promptness in the institution of these 
measures is of greater importance even than the most skillful subse- 
quent medical treatment and the most careful nursing. 

Complicating bronchopneumonia sometimes appears early, but, as a 
rule, only after the second day of the illness and in neglected cases, 
particularly in patients who have failed to report sick, have refused to 
go to bed or have been transported a considerable distance to a hos- 
pital after the onset of the influenza. For the bronchopneumonia, 
careful nursing and feeding are the chief elements in successful treat- 
ment. The patient should be encouraged to take plenty of food, espe- 
cially milk, eggs and broth, and abundant fluid. Tepid sponging and 
attention to the comfort of the patient in little things are indicated, if 
the nursing personnel is sufficient to permit it. Various drugs have 
been employed, such as quinin to the physiologic limit, whisky, three 
ounces every four hours, tincture of digitalis in full doses. Opinion 
as to the value of these drugs varies considerably, and the death rates 
in those series, in which they have been employed, do not furnish con- 
vincing argument in their favor. One series of cases treated system- 
atically with full doses of atropin showed a very high death rate. 
Pleural effusion should not be allowed to pass unnoticed. 

Under field conditions the treatment has often been hampered 
because the medical officers, nurses and enlisted men of the Medical 
Department, already inadequate to care for the excessive numbers of 
patients, have had their own ranks decimated by the disease. 

At least two weeks should be allowed for convalescence before 
returning to duty. 

PREVENTIVE MEASURES 


Hygienic measures have to be directed to prevent or diminish con- 
tact with the virus of the disease, to increase and retain at a high level 
the natural resistance to the infection and also to avoid the serious 
complications in. those who have become ill. 


Avoidance of Contagion.—For troops located in country districts 
quite apart from the civil population, a thorough segregation may 
prevent the entrance of the infection. This would entail the denial 
of all leave and the strict avoidance of contact and association with 
outsiders. Too much reliance should not be placed on the effectiveness 
of such measures, and during the time of a pandemic the advent of the 
disease should be expected and the measures to meet it prepared in 
advance. In many organizations the introduction of the disease will 
prove inevitable. 
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To diminish the danger of spread within the organization, increased 
floor space for sleeping quarters, cleanliness of quarters, thorough 
ventilation night and day, avoidance of all dust, separation of heads of 


adjacent sleepers in bunks by board, paper or shelter-half partitions 
between bunks, effective prohibition of spitting and of open coughing 
and sneezing, immediate segregation of all men with coughs and colds, 
sterilization of mess kits by boiling water after each meal; strict care 
in regard to individual use of personal equipment, such as pipes and 
towels; daily sunning of bedding and clothing, and thorough drying 
of clothes and shoes should be provided for. 

As soon as cases of the disease are recognized the patients should 
be provided with face masks and be segregated promptly, preferably 
in a hospital. Early recognition of these cases is so important that it 1s 
well for the medical officer to examine his entire organization every 
afternoon, sending to the hospital every man with a temperature above 
99.5 F. Early recognition makes possible early treatment and also the 
removal of a source of infection from the organization. If wounded 
and sick are transported together, all patients should be masked in 
transit. 

Increased Resistance.—There can be no doubt that depressing influ- 
ences play an important part in determining the moment of onset of 
influenza and the severity of the attack. Overwork, overcrowding, 
exposure to cold and wet, breathing a dusty atmosphere, bodily dis- 
comfort, as well as loss of sleep and alcoholism, may be mentioned as 
important depressing influences. In office workers, the lack of suffi- 
cient exercise has evidently contributed to susceptibility. Resistance 
may be kept up to normal by avoiding these depressing influences, 
and may probably be increased considerably by proper daily calisthenic 
exercise and moderation in hours of labor. Many organizations in 
the A. E. F. have been attacked by the disease without it ever becom- 
ing sufficiently epidemic to disturb seriously their work, and have 
escaped without a single death. Others have been paralyzed by the 
epidemic, and in some the number of deaths has been considerable. 
The hygienic factors mentioned above seem to have played a decisive 
part in determining these differences. 

Acquired Immunity.—There is very little reliable information bear- 
ing directly on the question of acquired immunity. The experience of 
Base Hospital 6 at Bordeaux, reported by Major Richard C. Cabot, is 
the most interesting. At that hospital, eighteen of the personnel had 
influenza (three day fever) during June and July, 1918. Between 
September 28 and October 12, there occurred sixty-three cases of 
influenza in the same hospital personnel, and not one of these sixty- 
three persons belonged to the group of eighteen who had had the 
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disease earlier. This observation suggests an immunity lasting more 
than two months. On ‘the other hand, there is the personal experience 
of several officers who have devoted special attention to the study of 
this disease, who have themselves suffered two, three and even four 
attacks within a period of six months. On account of the uncertainty 
in regard to diagnosis, this evidence cannot be accepted as scientifically 
reliable. 

The relatively few cases of the disease among the older men has 
been regarded as evidence of an immunity persisting since the epidemic 
of 1889. However, it has been possible to find a few very definite 
instances of persons who suffered from the disease’ in 1890 and again 
in 1918. On the whole, the evidence of a lasting immunity is not very 
convincing. Its critical investigation is a matter for the future. 

Bacterial vaccines for the artificial immunization have not been 
generally employed in the A. E. F. They have been used to some 
extent in the United States. The latest available information indicates 
that their use is considered to be in the experimental stage. 


EPIDEMIOLOGY 


General Considerations.—The origin of the great pandemic of influ- 
enza of 1918 is involved in considerable obscurity, and it may never 
be possible to elucidate the question in a convincing manner. It seems 
certain that the epidemic outbreaks first appeared in Europe, appar- 
ently either in France, Italy or Spain, and that the disease subsequently 
spread northward to Belgium and England and across the sea in ships 
to America and Africa. It is known that the disease also prevailed in 
Germany and Austria during the summer and fall, and special meet- 
ings of the medical societies of Berlin and of Munich were devoted to 
it in July, 1918. In August and September the disease was carried 
across the sea to America and to South Africa, where it has spread 
extensively. The conditions for its incubation probably bear a rela- 
tion to the great war and the altered living conditions dependent on it, 
but the relation is far from clear. Theoretical considerations must 
enter largely into the discussion of its origin because of the incom- 
pleteness of accurately recorded observations. 

In searching for the origin of any pandemic disease it is necessary 
to recognize that such a disease does not arise entirely anew, each time ; 
especially is this evident for a disease which has previously existed in 
pandemic form. It must have existed in one or more, probably in 
many localities, as an endemic disease for a long time. In general, 
epidemic diseases, such as bubonic plague, cholera and yellow fever, 
are known to have existed for long periods in certain endemic foci, 
from which they have suddenly spread and assumed epidemic or even 
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pandemic character. Again, after the subsidence of the general pan- 
demic, the disease has often remained established in certain new 
localities, potential new endemic foci, from which it has gradually 
disappeared or subsequently remained endemic, or even again spread 
as an epidemic. In tracing the origin of an epidemic disease, therefore, 
it is required first to ascertain its endemic focus or foci and then to 
recognize the particular places where the endemic disease has first 
spread to such an unusual extent as to merit recognition as an epidemic 
disease, and third, to trace the subsequent extension. In the case of 
a pandemic this is often impossible, and one can only discover the 
port at which the disease was introduced from abroad and trace its 
spread from that point. 

Epidemic in A, E. F.—The earliest reported outbreak of epidemic 
proportions in the A. E. F. was that which appeared about April 15, 
1918, at Rest Camp 4 in Base Section 2, near Bordeaux, reached its 
height on April 22 and ceased on May 5. The Base Epidemiologist, 
Lieut. J. LaBruce Ward, in a report dated May 8, 1918, stated that 
the disease occurred simultaneously in camps widely separated with no 
communication between the men; whether the French civilians were 
similarly affected was not ascertained ; clinically, the disease resembled 
influenza except for its short duration and absence of complications. 
In a later communication, under date of May 20, 1918, he says, “The 


symptoms were those of influenza. The patient was afebrile on the 
third or fourth day and able to work within a few days thereafter. 
There were no signs or symptoms of pulmonary involvement except 


a mild bronchitis in about 10 per cent. of the cases.” Several hundred 
cases were observed; in one camp with a strength of 3,400 men, there 
occurred eighty cases in two days; in another camp of only 180 men, 
twenty cases occurred in one day. Both white and colored troops 
were attacked. 

May 26, 1918, Capt. Clifford B. Farr reported an outbreak of 
influenza at the Quartier de Beaumont, Tours, beginning on May 1, 
1918, and ending May 24, 1918, with a total of 117 cases. Ina few 
patients there were present marked laryngitis, bronchitis, occasionally 
localized at one or the other base. Herpes was observed in a few 
cases. The height of the epidemic was reached on May 14, on which 
day there were eighteen new cases. 

May 3, 1918, a sharp outbreak of the disease appeared in the per- 
sonnel of Camp Hospital 23 at Langres, with twelve cases on the first 
day, ten among the enlisted men and two among the French civilian 
employees. This has been reported by Lieut. Alan C. Sutton. In all 
there were forty-four cases. The symptoms were severe headaches, 
usually occipital; severe backache and general muscular pains, a gen- 
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eral soreness in the chest, especially substernal, with moderate cough 
and a mild sore throat. Onset was abrupt with rapid rise in tem- 
perature to 103 F., but no distinct chill. Extreme prostration was 
characteristic of the disease. Some of the men fainted while on duty 
and had to be carried to bed. Recovery was rapid in practically every 
case, the average stay in hospital being two days. There were no 
complications. 

May 22, 1918, Major A. S. Bowen, Commanding Officer of Base 
Hospital 101, St. Nazaire, reported a mild epidemic of influenza in the 
personnel of that hospital, beginning May 11 and ending May 19. In 
all, fifty-four patients were treated in the hospital. The cases arose 
in small nests of contacts working together. Only six cases developed 
among patients in the hospital. The cases were practically all of a 
mild respiratory type, and showed a high percentage of cultures of 
influenza bacillus. 

May 11, 1918, a memorandum was issued by the French Service de 
Santé-Militaire to all its directors in France, calling for telegraphic 
reports of all outbreaks of grippe and describing the characters 
recently observed as follows: “Evolution breve ou benigne mais exten- 
sion rapide et massive des groupes atteints.” This is proof that reports 
of outbreaks of some importance had already reached the French 
authorities before May 11. 

An outbreak which served to bring the disease into greater prom- 
inence in the A. E. F. occurred in the garrison at General Head- 
quarters, Chaumont, from May 13 to May 24, twelve days, during 
which period 132 cases of the disease were recognized. In the Com- 
pany of the Fifth Marines, which served as Headquarters Guard 
and as Municipal Police of Chaumont, fifty-four men were sick in a 
total strength of 172 men. In this Company, nineteen men fell sick 
on May 15, and twenty-two more on May 16, sufficient to interfere 
most seriously with the military duties required of this organization. 
The attending surgeon, Major Henry Beeuwkes, recognized the exist- 
ence of an epidemic of respiratory infection, reported it to the Chief 
Surgeon and to the Director of Laboratories and Infectious Diseases, 
and asked for assistance to control it. This outbreak necessarily 
received wide attention in the A. E. F. and at once brought to light 
information in regard to other similar outbreaks. At Chaumont itself, 
the medical officers of Base Hospital 15 described a similar small 
epidemic, which ran through one entire ward of that hospital early 
in April, 1918. The French physicians practicing among the civilian 
population were perfectly familiar with the disease, designated it as 
grippe and stated that it had been extensively prevalent in the civilian 
population of Chaumont from March 15 to May 15, 1918. 
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At Bourbonne-les-Bains a sharp outbreak occurred among the 
officers of the Third U. S. Cavalry in the period May 20 to 24. 

In Base Section 2, Bordeaux, the hospital personnel developed 
fourteen cases between May 15 and May 30. At Camp Hospital 66, 
St. Sulpice, near Bordeaux, an increase in undiagnosed fevers was 
noticed in the week ending May 13, and in the following week a dis- 
tinct epidemic of 100 cases was recognized. In June and July the 
disease appeared in many localities in this Base Section. 

By June 1, 1918, the disease had become very widespread in all 
sections of the A. E. F. in France and in the French and British armies 
as well, and apparently also in the German and Austrian armies. 

The evidence fails to indicate any definite single point at which 
the new disease penetrated the border of France as an epidemic. It 
suggests rather that outbreaks occurred at several separate places in 
April and May, and that the disease became practically generalized 
in June. There is also a distinct suggestion that the civilian population 
was afflicted with the disease in March and April befcre the military 
outbreaks were recognized. 

Outbreaks in Italy and Spain.—A note in the report of the Com- 
mission Sanitaire des Pays Alliés, for April, May and June, indicates 
that the disease became epidemic in the Italian navy in the first two 
weeks of May. Alberto Lutraria, the health commissioner of Italy, 
states that the disease was brought from America, but the observations 
on which this statement rests are not known, although it is not improb- 
able that some association with Americans has been traced by the 
author. The suggestion that the epidemic was introduced from America 
is supported by the fact that it appeared at a time when large numbers 
of Americans were arriving in Europe, which is indeed an outstanding 
feature correlated in time with the onset of the epidemic. This view 
was evidently shared by some of the medical officers who arrived in 
France from the United States in the latter part of 1918. However, 
this conception is distinctly opposed and probably completely disproved 
by the fact that the epidemic was subsequently introduced into America 
in August and September and found there a most fertile soil for its 
spread. 

In Spain the disease appeared in epidemic form about the middle 
of May and this outbreak received great publicity, sufficient to lead to 
the popular appellation of Spanish influenza. The very rapid and 
extensive spread of the disease in Spain would indicate that it had 
been introduced from without rather than transformed from the 
endemic state in that country. This also appears to accord with the 
view of those who have studied the epidemic in Spain. 


Endemicity in France.—A possible explanation of the origin of the 
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epidemic may be found by regarding the incoming Americans as new 
fuel furnished to a smoldering fire already existing in Europe. In 
other words, influenza may be regarded as endemic in France, but 
relatively mild in character, until the large number of susceptibie 
Americans, unused to campaign, unaccustomed to the climate, the 
houses, customs and work demanded of them, were suddenly brought 
into contact with it. In particular, Americans have been accustomed to 
more adequate provision for heating their houses and for drying their 
clothing than have been available for them in France. In the winter 
of 1917-1918 the living conditions in the cantonment camps in the 
United States apparently presented difficulties in regard to heating and 
overcrowding similar to those in France, but there the disease observed 
was evidently essentially different from the influenza of 1918. On 
the other hand, the American troops in France in 1917 began to show, 
as early as October, 1917, a very considerable rise in the influenza 
morbidity. The data available in the office of the Chief Surgeon, 
A. E. F., show an influenza morbidity per 100,000 of 321 in July, 
438 in August and 404 in September, rising to 1,050 in October, 1,980 
in November and 2,480 in December, 1917, in which month the total 
number of new cases of influenza reported was 3,520. That a con- 
siderable proportion of these cases were actual infections with the 
bacillus of Pfeiffer is proven by the necropsy findings in fatal cases of 
bronchitis and bronchopneumonia, especially those performed by 
Major H. E. Robertson at Army Laboratory 1, Neufchateau, in 
November and December, 1917, and January, 1918. In these cases the 
bacillus of Pfeiffer was found in the scattered patches of lung involved 
in the bronchopneumonia and also with great frequency in the cranial 
sinuses. These necropsy findings were, at the time, recognized as 
essentially new for young adult Americans, and, in a discussion at 
Army Laboratory 1 during December, 1917, they were considered as 
being of possible important significance for the future morbidity of 
American soldiers in France. In the British Army in France there 
is definite evidence of epidemics showing the same pathologic con- 
dition, during the winter of 1916-17,? and at Aldershot*® in September, 
1917. There can be little, if any, doubt that this disease was essen- 
tially the same as that which attacked the American soldiers late 
in 1917. 

The essential similarity in the anatomic changes observed in the 
later epidemic and in these eaffier cases warrants the quotation of the 
important parts of a few of these early protocols. 


2. Hammond, J. A. B.; Rolland, W., and Shore, P. H. G.: Purulent Bron- 


chitis, Lancet 2:41, 1917. 
3. Hallows, F. N.; Eyre, J. W. H., and French, H.: Purulent Bronchitis: 


Its Influenzal and Pneumococcal Bacteriology, Lancet 2:377, 1917. 
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Necropsy 2. The patient enlisted August 12, 1917. He has had a cold for 
the past few weeks but was not admitted to Camp Hospital 4, Neufchateau, 
until Oct. 24, 1917, with symptoms of prostation, dyspnea, fever, cough and 
marked evidence of general sepsis. Pneumococcus (Group IV) was isolated 
from the sputum by mouse inoculation. The man died October 26 at 11:55 
p.m. At the necropsy the left lung was found expanded to full inspiration; 
the surfaces were smooth; at the inner anterior margin of the upper lobe were 
several firm areas, the largest about the size of a walnut, grayish to bluish in 
color, with distinct puckering of the surrounding pleural surfaces. A few 
similar areas were located at the outer posterior margin of the lower lobe. 
Scattered throughout the pulp were smaller foci of increased consistence. 
Remaining portions of the lung were light, feathery, particularly the lingula. 
On section the firm areas had moist grayish surfaces and were comparatively 
airless. From the cut bronchioles purulent fluid escaped on pressure. The 
bronchial mucosa was bathed by a mucopurulent frothy liquid and was dis- 
tinctly reddened and swollen. Peribronchial lymph nodes were markedly 
swollen, soft and red. There was no evidence of tuberculosis. The larynx and 
trachea showed the mucosa congested, especially near the bifurcation of the 
trachea, and covered by a frothy, mucopurulent exudate; the lymph nodes at 
the bifurcation were very greatly swollen, reddened and friable. The middle 
ears and mastoids were normal; the sphenoidal air cells were full of thick, 
yellow fluid and the mucosa was swollen and congested. The posterior eth- 
moidal cells contained some thin yellowish fluid, while the anterior cells were 
apparently free; the mucosa in both groups was distinctly thickened. Bacterio- 
logic examination showed B. influenzae and gram-positive diplococci in sphe- 
noidal sinus, in the lungs and in the liver. Prosector Major H. E. Robertson. 


No less than six of the first nine necropsies recorded at Army 
Laboratory 1 were essentially identical with this one, and a large 
proportion of those performed in the training area during November, 
December, 1917, and January, 1918, were similar. 


Necropsy 87: The patient was admitted to Base Hospital 66, Neufchateau, 
February 7, 1918, complaining of severe cold, with cough, which began three 
days before; also pains in his joints and sore throat. February 13 a fine 
papular eruption appeared, especially over the chest and abdomen. At this 
time his temperature was 102 F., pulse and respiration rapid. Harsh rales 
were heard at the base of the right lung and fine moist rales in the lower lobe 
of the left lung. Death occurred February 13, 1918, 11:35 p. m. Necropsy, 
February 14 at 9: 30 a. m.: The pleural cavities were free from abnormal fluid: 
the left visceral and parietal pleura were bound together by fresh fibrinous 
adhesions, uniformly distributed over the lower lobe. The right pleural cavity 
presented numerous firm fibrous adhesions over the surface of the middle and 
lower lobes, especially at the base. The left lung was rather voluminous; the 
upper lobe was grayish in color and air-containing; the lower lobe was of 
darker hue, mottled with reddish purple. The pleura here and there was 
covered with a yellowish shaggy friable exudate. Beneath these areas and 
also scattered in the deeper areas of the lung tissue were rather firm airless 
areas. The bronchial mucous membrane was intensely swollen and covered 
with mucopurulent secretion; this condition was likewise seen in the bronchi 
oles. The pulmonary vessels showed no thrombi; the bronchial lymph nodes 
were swollen and friable. On section there were found, scattered throughout 
the lower lobe, corresponding for the most part with the bronchioles, areas 
varying in size from a pea to a walnut. In color they varied from gray to 
purple; were firm and quite friable. The lung tissue in the immediate neigh- 
borhood showed intense congestion. In the right lung, the upper lobe was 
grayish in color and air-containing; the middle and lower lobes were volumin- 
ous, dark red in color. The pleura was rough and showed numerous fibrous 
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tags. In all other respects it resembled the left lung. The tracheal mucosa 
was intensely swollen and covered with an abundant mucopurulent exudate 
The middle ears were normal; the mucosa of the posterior and anterior eth- 
moids was slightly swollen and moist; no purulent exudate was present; the 
frontal sinuses were normal. Bacteriologic examination of the ethmoidal 
sinuses by both smear and culture was negative. Prosector, Lieutenant Hugh 
R. Spencer. 

Necropsy 139: The patient was admitted to Base Hospital 66, Neufchateau, 
March 13, 1918, having had a cough since March 6. On admission, he had 
severe headache, shortness of breath, pain in the right side, with temperature 
of 102.4 F., pulse 120, dulness over both lower lobes and moist rales everywhere. 
Pneumococcus, Type II, was isolated from the sputum. Death occurred March 
20, 1918, at 3 a. m. Necropsy at 9 a. m. same date: Pleural surfaces were 
everywhere smooth and there was no abnormal fluid. In the lower lobes of 
both lungs, there were numerous small, grayish, consolidated areas, correspond- 
ing with the terminal bronchioles, which were considerably swollen. The lung 
tissue elsewhere was intensely congested and of a deep red color. The lymph 
nodes at the bifurcation were swollen, soft and red. Culture from the heart 
was sterile; cultures from the lung showed pneumococci and influenza bacilli. 
Prosector, Major F. H. Foucar. 

Necropsy 194: The patient was admitted to Camp Hospital 15, Camp Coet- 
quidan, April 5, 1918, with a diagnosis of measles. April 8, he developed 
signs of diffuse bronchitis, with marked dyspnea and cyanosis; the white 
blood cells numbered 8,400; the sputum showed chiefly B. influenzae. Death 
occurred April 13, 1918, at 1:30 p. m. Necropsy April 13, at 4 p. m.: The 
pleural cavities were free, without exudate or adhesions; the fluid was not 
increased. The right lung weighed 660 grams. Externally all three lobes were 
irregularly mottled, with raised, grayish margins and depressed dar brownish 
centers. On section the same characteristic mottling was seen throughout all 
lobes. Interspersed between the grayish aerated tissue, from which a bloody 
froth exuded, were dark red firm areas of consolidation, the latter being found 
especially near the hilum. The bronchi were filled with a greenish purulent 
material. The left lung weighed 630 grams, and was identical in appearance 
with the right. Bacteriologic examination of pus from the right and left 
bronchi showed pure culture of B. inflensae. Prosector, Lieutenant Edward 
H. Mason. 


The records of these necropsies, especially those from Neufchateau, 
the laboratory center of the advanced training area in 1917, indicate 
very clearly the prevalence of influenzal bronchopneumonia from 
October, 1917. The almost epidemic character of the disease is indi- 
cated by the data presented in Table 1. The influenza rates per 
100,000 of 1,050 in October, 1,980 in November and 2,480 in December, 
1917, really indicate a greater relative prevalence of influenza at that 
time in the A. E. F. than occurred in the fall of 1918, when the respec- 
tive influenza morbidity rates’ were 826 in September, 2,176 in October 
and 1,356 in November. The total number of American troops in 
France was relatively small during that winter — 141,995 effective 
mean strength in December — so that the prevalence of influenza did 
not lead to the recognition of an actual epidemic.. Furthermore, the 
overcrowding in quarters, which seems to have had a definite relation 
to many of the later explosive outbreaks, had not become such a 
distinct feature at that time. In addition, the cold, wet weather, 


| 
| 
| 
| 


MacNEAL—INFLUENZA IN A. E. F. 681 


exposure and unusual living conditions furnished explanations for the 
morbidity which were no longer adequate during the hot weather ot 
May and June, 1918. Until May, 1918, therefore, the prevalence was 
that of an endemic disease, with perhaps an occasional outbreak sug- 
gesting epidemic character. 


TABLE 1.—Data 1n ReGarp 10 INFLUENZA AND PNEUMONIA, ESTIMATED FROM 
Recorps IN THE OFrice oF THE Cuter SurGceon, A. E. F. By Montus 


| 

Mean Influ- Influ- | Pneu- Pneu- Pneumonia Deaths 

Strength enza enza, | monia monia, - oo 

\. FE. F. Cases Rate per Cases Rateper Number Case 

100 000 100,000 Ratio 
1917: 
35 
July.. 321 | 18 116 
September......... 403 28 63 
1 050 140 
November........... 1.980 192 178 
1918: 

January......... 1 940 
February....... 450 10 
Mareh 25 18 
April 423° 52° 
40" 73° 
July.... | 475 45 4 13.4 
August..... 1 | 792 62 142 17.9 
September 826 1,683 109 422 25.1 
2,176 5,353 307 3,129 
1356 | 4,077 219 1,935 47.5 


* These figures are regarded as quite inaccurate because of incomplete tabulation. 


From the preceding discussion it is evi- 


Origin of the Epidemic. 
dent that the possibility that the epidemic actually originated in France 
has to be considered. The alternative possibility is that the disease 
first became epidemic elsewhere and was introduced into France in 
the epidemic form in the spring of 1918. The problem is made more 
complex because of lack of absolute certainty in regard to the nature 
of the disease and the identity of the epidemic disease with the influ- 
enza which was endemic in France in previous years. The endemic 
disease has lacked the clinical feature of sudden onset and the epidemi- 
ologic feature of rapid spread. However, the exact time and place at 
which these features became sufficiently prominent to justify the recog- 
nition of an epidemic in France cannot be specified. On the whole, 
- the evidence favors the conception of a gradual transition of influenza 
in France itself from the endemic to the epidemic form. Since 1890, 
influenza has remained endemic in many places and in nearly every 
country, and small epidemic outbreaks have been recognized from 
time to time. Given the essential conditions, the disease might have 
assumed epidemic proportions in any one of many different places and 
might have extended as a pandemic from such a point. The special 
condition favoring influenza in France, in addition to the ordinary 
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Cuart 1.—The mean monthly strength of the American 


Expeditionary 


Forces. Taken from the records in the office of the Chief Surgeon. Note the 


sudden relative increase from March to April, 1918. 
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hardships of a country at war and the large amount of cold, damp 
weather, has been the fuel shortage, which has been peculiarly severe 
in France during the war. The evidence indicates that influenza has 
been very prevalent and that small epidemic outbreaks of it were 
recognized in the British Army in France in 1916 and in 1917. The 
arrival of American troops in France has been a factor of possible 
importance in relation to this disease. Their relative numbers are 
indicated in Tables 1 and 2 and Chart 1, the data of which apparently 
indicate line troops only, rather than the total forces. However, they 
are sufficient to give an idea of the relative increases. Attention may 
be directed to the sudden increase in mean strength from March to 


TABLE 2.—Data in Recarp To INFLUENZA AND PNeumMonta. By WEEKS 


Mean Influ- Influ- Pneu- Pneu- Pneumonia Deaths 

1918 Strength enza enza, monia monia, ———— -- - 
A. E. F. Cases Rate per Cases Rateper Number Case 
100,000 100,000 Ratio 


Week ending— 
July 5 893,910 
12 929,714 
1,025,028 
1,108,409 


3 


= 


April, 1918, when 150,000 men were added to the 287,000 already in 
France. This increase of more than 50 per cent. required, in many 
places, the crowding of three or even four men into the quarters pre- 
viously occupied by two, thus increasing enormously the opportunity 
for the rapid transmission of respiratory infection. Furthermore, it 
furnished a large group of newly arrived susceptible individuals and 
brought them into close association with the influenza already endemic 
among the American soldiers who had preceded them. One is tempted, 
therefore, to account for the origin of the epidemic by assuming an 
increase in virulence of endemic influenza, depending, first, on war con- 
ditions in France, especially the lack of fuel, second, on the introduc- 
tion of Americans in 1917 and the spread of the disease among them 
during the following fall and winter, and third, the greater influx of 
susceptible American troops, beginning in the latter part of March, 


uf 
1,103 123 157 18 9 06 
1,247 134 116 13 21 18.1 é 
917 105 10 114 
716 65 4 22 22.0 
1,162,486 937 137 4 22 16.0 
1,214,581 1,260 104 160 13 16 10.0 
aes 1,285,402 1,285 100 1) 12 23 15.3 § 
1,315,822 1,073 131 2 22.1 
September 6......... 1,469,885 1,508 1665 3s 
1,520,890 3,066 20 479 32 i” 
1,567,771 4,279 273 137 28.7 
1,424,762 3,921 241 34 179 31.0 
1,679,126 9,285 1,085 63 363 $5.1 
1,725,748 8,555 496 1,085 54 49.7 
see 1,761,578 9,081 515 1,323 75 782 50.1 
1,799,919 10,983 610 109 1,470 75.0 
November 1......... 1,823,469 9,110 1,478 81 803 4.3 
Dousseeces 1,842,668 5,972 ou 1,062 58 196 18.5 
1,868,000 4 862 261 793 45 476 0.0 
22.........| 1,883,050 2,972 157 455 27 297 0.9 
1,908,036 2,371 124 206 13 163 63.7 
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Cuart 2.—Influenza cases, pneumonia cases and pneumonia deaths by 
months. The data for April and May are believed to be quite inaccurate 
because of incomplete tabulation of the statistics. 
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following which the disease assumed epidemic proportions. The evi- A 
dence in favor of this conception appears strong, but a final decision 

should be withheld until reliable reports from the other European % 
countries are at hand. ij 
The number of cases of influenza and pneumonia reported in the ; 

A. E. F. are indicated in Chart 2, except for the month of May, for % 
which the influenza figures are not available. In Chart 3 the rate for is 
100,000 mean strength is indicated for influenza and pneumonia. The 
remarkable feature is the high rate for influenza in November, Decem- i 


ber, 1917, and January, 1918, that of December being higher than in 
October, 1918, at the peak of the fall epidemic. Obviously, figures 
based on the reports of such a disease as influenza are only approxi- 
mately accurate, but they have a relative value, nevertheless. 

Pandemic Extension—The spread of the epidemic from France 
to the United States by ships can hardly be questioned, although exact 
information in regard to this may better be obtained in America. 

Doubtless many of the transports carried the infection. A written 

report has been rendered in regard to one boat which had an outbreak ‘ 
of forty-two cases of influenza among the crew during the voyage to 

the United States in August, 1918. On its return to France this ship 

brought a part of the 64th Infantry. An epidemic of about 100 cases 4 
of influenza broke out on this boat again two days before reaching 

France, about September 1. The disease evidently spread rather 

rapidly in the United States, so that after September 15, nearly every { 
transport arriving in France or in England, came in with a serious 
epidemic of influenza on board, which could be traced back to cases 
existing in the military organizations before embarkation in the United ; 
States. Reports from the United States indicate very clearly that the 
disease spread westward from the Atlantic seaboard.* Although the 
disease must be regarded as identical in essential nature with influenza, 
which has been endemic in many parts of the United States since 1890, 
it is necessary to recognize that the virus brought over from France ? 
had acquired an epidemic quality to a degree which that previously 
existent in America no longer possessed. 

An interesting example of transmission of the disease has been 
reported by Colonel M. A. Delaney from England. On August 26 and ; 
27 the British vessel Mantua, which had influenza on board, stopped 
at Sierra Leone for consultation with two other British ships, Chepstow 
Castle and Tahiti, the former carrying New Zealand troops and the 
latter carrying naval ratings from East Africa. Influenza broke out 


4. For further data as to influenza in the United States reference should 
be made to the article by Vaughan and Palmer in the Military Surgeon, 
October, 1918. 
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Cuart 3.—Morbidity rate per 100,000 troops for influenza and pneumonia. 
Note that these diseases were relatively more prevalent in December, 1917. 
than at any time up to November, 1918. 
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on both the Tahiti and the Chepstow Castle within forty-eight hours 
after this call, and before arrival in England the Tahiti had sixty-eight 
deaths and the Chepstow Castle had thirty-eight. It is evident that 
New Zealand and East Africa had not been reached by the epidemic at 
the time of departure of these boats. On Oct. 23, 1918, the steamship 
Mozambique arrived at Lisbon from Cape Town, South Africa, having 
200 deaths during the voyage and reporting an epidemic of influenza 
raging at Cape Town at the time of her departure. 


SUMMARY 
1. A disease, clinically récognized as influenza, became epidemic in 
the A. E. F. in France in May, 1918. 
2. Since August, 1918, the epidemic, previously mild, has assumed 
a more malignant character, often leading to a fatal bronchopneumonia. 


3. In the fatal cases the lungs have presented a picture of malig- 
nant coalescing bronchopneumonia, frequently with hemorrhagic 
tracheobronchitis. The changes have varied considerably according to 
chronicity of the disease and the nature of the secondary infections. 


4. Influenza bacilli in large numbers have been found in the bronchi 
in fulminant cases. At most of the necropsies a mixture of bacteria 
was found in the respiratory tract, including pneumococci of various 
types, streptococci and sometimes staphylococci. 

5. Blood cultures during life were usually negative, but showed 
pneumococci or streptococci in some cases. 

6. Overwork, exposure to cold and wet, inadequate nourishment, 
poor ventilation, inhalation of dust and general physical discomfort 
have diminished the natural resistance to the disease. 

7. The contagion spreads rapidly by distribution in the secretions 
of the nose and mouth, not only of the sick, but of many other infected 
persons not suffering from the disease. 

8. The primary epidemic disease of the autumn is considered iden- 
tical with that of the early summer, with the added complication of 
bronchopneumonia in the colder weather. 

9. The bacillus of Pfeiffer is the apparent cause of the epidemic 
disease, but its causal relationship is not proved conclusively. 

10. Rest in bed, warmth and bodily comfort, promptly enforced at 
the outset are the most important elements in the treatment. 

11. Prophylaxis includes avoidance of contagion and general 
hygienic measures to enhance natural resistance and retain it at a high 
level. Vaccines are of questionable value. 
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12. Influenza has been endemic in France for many years, and 
during the war this infection appears to have assumed a more virulent 
type in this country, small epidemics having been recognized in the 
British army in the winter of 1916-17, and in the fall of 1917. 

13. American troops in France suffered very much from influenza, 
especially in the winter of 1917-18, the disease apparently being the 
same as that which became epidemic in 1918. 

14. The evidence suggests that the epidemic of influenza originated 
in France from the endemic influenza widely prevalent here. It is 
probable that the large numbers of American soldiers in France, sub- 
jected to strange environmental conditions, furnished a fertile soil 
for the propagation of the disease. 

15. The epidemic was evidently carried by ships from Europe to 
the United States and to South Africa. 


CONCLUSIONS 


1. The epidemic of 1918 has been influenza. 
2. It appears to have developed by transition from a widespread 
and serious endemic influenza in France. 


303 East Twentieth Street. 
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THE RAPID CONSTRUCTION OF LIVER CELL PROTEIN 
ON A STRICT CARBOHYDRATE DIET CONTRASTED 
WITH FASTING 


MECHANISM OF PROTEIN SPARING ACTION OF CARBOHYDRATE * 
PAPER Ill 
N. C. DAVIS, C. C. HALL anp G. H. WHIPPLE, M.D. 


SAN FRANCISCO 


Problems of growth have interested numberless workers, especially 
during the past ten years. The growth of young animals as well as 
the growth of tumor cells has been investigated with great care, and 
attention has been directed to various food factors. We believe that 
most workers assume that the most rapid growth is to be found in 
malignant tumor development, which at times may exceed the speed 
of growth of the embryo or fetus. 

We have been impressed with the great speed of repair of the 
normal liver following a type necrosis due to chloroform. Under 
such circumstances the formation of cell protoplasm proceeds with 
remarkable rapidity and exceeds any growth speed with which we 
are familiar. To illustrate in familiar figures—a healthy adult 
human of 75 kilograms, or 165 pounds, body weight, will possess a 
liver weighing approximately 1,700 gm. A _ suitable chloroform 
anesthesia during a fasting period will destroy one-half or more of this 
liver tissue, perhaps 800 gm. Under favorable circumstances complete 
repair can be effected in from seven to nine days — approximately 
100 gm. per day, although the most rapid regeneration would develop 
during the third and fourth days, and might well exceed 150 gm. 
Formation of new tissue at a rate of 100 or 150 gm. per day means 
the construction of a mass of liver cells the size of the normal spleen 
or kidney every twenty-four hours. If this speed of growth should 
ever be attained by a malignant tumor it would give most astounding 
clinical histories — medullary cancers of the breast could grow to huge 
size in forty-eight hours, hypernephromas might attain their great 
size within a week or less, etc. This speed of growth on the part of a 
neoplasm would most assuredly command the respect, if not the 
admiration, of the surgeon. Yet the normal liver is capable of such 
speed of growth in reparative processes and can repeat this at fre- 
quent intervals as our experiments clearly show. 


*From the George Williams Hooper Foundation for Medical Research, 
University of California Medical School. 
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It seems to us that this great capacity of the liver to repair and 
replace its injured cells gives the investigator a remarkable opportunity 
to study the rapid formation of large masses of new cell protoplasm 
under favorable circumstances, complicated by few confusing factors. 
The amount of injury can be accurately estimated, and if need be, 
controlled by removal of a bit of liver; the repair can be estimated 
with considerable accuracy by a similar operative removal of liver 
tissue, and the whole reaction takes place in a relatively short period 
of time, approximately between seven and fourteen days. It seems 
that this experimental method may be successfully applied to a number 
of important problems, some of which are merely touched on in our 
experiments. 

“Protein sparing action of carbohydrate” is a familiar term to all 
workers in the field of metabolism. It is well known that this phe- 
nomenon is explained in two ways: (1) Protein is spared by carbo- 
hydrate at the source because the carbohydrate checks the normal or 
abnormal autolysis or katabolism of body protein; (2) protein is 
spared by carbohydrate through conservation of protein end-products 
which are fixed by the carbohydrate and made available for the con- 
struction in the body of new protein. Both of these hypotheses have 
a host of able supporters, but so far as we are aware the great bulk 
of the experimental evidence can be used with equal facility by an 
able advocate of either hypothesis. We believe that the experiments 
tabulated later give very positive support to the hypothesis of protein 
sparing by conservation of protein end-productg. In our experiments 
a measurable amount of new body protein is constructed with the aid 
of a carbohydrate diet, but not during a fasting period. The cell 
protein break down, of course, is as great during fasting periods, and 
therefore an abundance of protein end-products are available, but the 
new liver cells are not formed in abundance unless carbohydrate is 
administered. The liver cell protoplasm must be formed in part from 
nitrogenous end-products which can only be derived from the injured 
liver cell protoplasm or the normal body protein katabolism. There 
is no nitrogen in the food. The new liver cells must be formed by an 
act of conservation of protein split products (for example, amino- 
acids) made possible by the abundant carbohydrate. We cannot 
understand how any amount of “protein sparing at the source” 
(decreased katabolism) could explain these findings. 

Yet we do not wish to be understood as claiming that carbohydrates 


may not also spare protein at the source and inhibit autolysis or protein 
katabolism. Some experiments completed in this laboratory (unpub- 
lished) which deal with the regeneration of red blood cells in anemia 
would seem to indicate that carbohydrates under these experimental 
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conditions may actually protect the body protein from autolysis or 
katabolism. It is not impossible that carbohydrates may have both 
functions and may at times spare the proteins at the source, or, again, 
act by conservation of end-products. We submit these liver regenera- 
tion experiments, however, as positive evidence that under the con- 
ditions of the experiment the exhibition of a carbohydrate enables 
the body to build considerable amounts of new cell protein. This is 
positive evidence that carbohydrates do act by conservation of protein 
split products. 

In the following communication (Paper IV) will be found some 
observations on fat feeding under these same conditions, and it will 
be noted that there are rather remarkable differences between liver 
regeneration as influenced by carbohydrate as compared with fat. The 
fat diet does not favor liver regeneration any more than does starva- 
tion. This point will be taken up again. Evidently fat does not favor 
the conservation of protein split products under the conditions of the 
experiment. 

The metabolic disturbances following chloroform administration 
have received careful study for many years. In an article published 
in 1909, Howland and Richards,’ among other things, recorded their 
observations on three dogs kept on starvation metabolism; a base line 
of two days was obtained, then prolonged chloroform anesthesia was 
given, sometimes repeated afterward. The total nitrogen excretion 
was found to rics on the day of anesthesia, higher on the second day 
(185 per cert. in one dog), and to continue high in the dogs that died, 
but to fall practically to normal in the dog that recovered. The curves 
of ammonia and urea excretion followed in a general way the total 
nitrogen curve. 

Paton,’ Lindsay,* Marshall and Rowntree,‘ and others, have studied 
the urinary nitrogen partition after chloroform injury, with somewhat 
variable results. Apparently the reaction varies with the intensity of 
injury. 

Pearce® after studying regenerative changes in the liver following 
experimental necrosis from hemagglutinative serum, ascribed the 
demonstrable differences in repair during the first two or three days 
to differences in initial injury, age, and general condition of the 
experimental animal. 


. Howland, J., and Richards, A. N.: J. Exper. M. 11:344, 1909. 
. Paton, D. N.: Proc. Royal Soc., Edinburgh 28:472, 1908. 
. Lindsay, D. E.: Biochem. J. 5:407, 1910-1911. 
. Marshall, E. K., and Rowntree, L. G.: J. Exper. M. 22:333, 1915. 
. Pearce, R. M.: J. M. Res. 15:99, 1906. 
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Beddard,® in 1908, suggested the clinical use of glucose solutions 
following delayed chloroform injury. Weir,’ in 1909, reported the 
favorable use of glucose in a case of delayed chloroform poisoning. 
The use of sugar solutions in certain febrile diseases, such as typhoid, 
has a well recognized place in therapy. 

The observations reported in this communication were begun in 
this laboratory by Hall and Whipple in connection with some work 
on experimental roentgen-ray intoxication. After chloroform anes- 
thesia the nitrogen excretion rose tremendously, and in dogs kept on 
starvation generally remained high, but in those fed sugar it soon fell 
to the starvation, pre-anesthetic base line, or below. Several of these 
experiments included both a chloroform anesthesia, and a roentgen- 
ray exposure on the same animal; since this procedure complicated 
the curve of nitrogen excretion, the experiments in question are not 
included in the tables here presented. : 


METHODS 

In experiments in which metabolism studies were made, the animals were 
confined in specially constructed cages; the urine collected in bottles beneath 
the cages; catheterization performed every twenty-four hours; and the cage 
urine, cage washings, catheterized urine, and bladder washings made up to 
a constant volume each day, and total nitrogen determinations made in dupli- 
cate by the Kjeldahl method. Blood urea, and total nonprotein nitrogen figures 
are recorded in milligrams per 100 c.c. of blood. Water and sugar solutions 
were given by stomach tube, except when vomiting was persistent, and such 
exceptions are noted in the protocols. Indicated operations were performed 
with aseptic precautions, under ether anesthesia, and the postoperative care 
was under constant supervision. The operative technic is described in more 
detail in Paper I of this series. By “fasting” Wwe mean a discontinuance of 
food, but a liberal supply of water. 


EXPERIMENTAL OBSERVATIONS 


Table 10 includes experiments the protocols of which follow. We 
have considerable supplementary data, but some experiments are 
incomplete because of early death of the animals; others are com- 
plicated with severe distemper, roentgen-ray intoxication, etc. 

Table 10 is intended for a brief, though comprehensive, summary 
of experiments, some of which show only an interesting nitrogen 
curve, while others are supplemented by microscopic liver findings. 
Estimates of liver necroses are very conservative, based on actual 
findings in comparable experiments, sometimes on the same animal. 


6. Beddard, A. P.: Lancet 1:782 (March 4) 1908. 
7. Weir, A. A.: Lancet 2:710 (Sept. 14) 1909. 
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CuHiorororm Inyury; Liver Reparr 


Unpver Conpitions oF STARVATION AND SwuGarR FEEDING 
Experi- Chloro- 
ment form, Diet Nitrogen Curve Liver Injury Liver Repair 
Hours 
70 1 Water before and 6% above star- Estimated 1/2 ne- 
(Dog for 10 days after vation base line crosis 
18-47) chloroform, fol- when sugar was 
lowed by 3 days ardded; fell to 
on sugar normal! 

71 1% Water before and Rose 30%: fell 4th day: over1/2 lith day: 1/3 not 
(Dog for 2 days follow- back to normal necrosis: re repaired; fat +; 
18-89) ing chloroform; _ before sacrifice mainder fatty; calcium deposits 

then sodium bi- repair started present 
carbonate was 
added 

72 1% Water only......... Rose 50%; fell Sth day; 2/5 to llth day: 1/3 to 
(Dog back to starva- 1/2collapsed:re- 2/5 still not re. 
18-110) tion base line mainder fatty paired; fat ++; 

a few calcium 
deposits present 

73 % Water only ........ above base 3d day: 1/2 necro- Oth day; 1/4 not 
(Dog | line on 9th day sis; fat in re-| repaired; 2/3 
18-106) | mainder fatty: atrophy 

74 1 | Water before and 9% above base’ Estimated 1/2 ne- 

(Dog for 11 days after line when sugar’ crosis | 
18-49) | ehloroform; sugar) was added; fell 
| added for 6 days at once, slightly ° 
| below base line 
re) 1 Sugar for 3 days Rose 110%. but Estimated 2/5 ne- 
(Dog before and 6 days began tofallon  crosis 
18-49) after chloroform 3d day 

7 1% Water + 5 gm. 40% above base 3d day: 3/5 necro- 9th day: 1/3 to 2/5 
(Dog sodium bicarbo- line at time of sis; fat + not repaired; 
18-49) nate daily death fat ++ 

77 1 Sugar before and Rose about 100%; Estimated 2/5 ne- 

(Dog | after chloroform fell to base line crosis 
18-54) | again by 8th or 
oth day 

7 1 Water before and 0% above base Estimated 1/2 ne- 
(Dog for 9 days follow- line 12 days crosis 
18-54) ing chloroform; after chloro- 

sodium bicarbo-| form 
| nate added for 2 
days } 

2d day; 1/2 to 3/5 
(Dog necrosis: re 
19-30) | mainder fatty 

80 1% Water before chior- Rose about 126%; Estimated 1/2 to 8th day; 1/5to1/4 
(Dog oform 100 . down practi- 3/5necrosis (see not repaired 
19-30) sugar daily for 8 cally to base line Exper. 79) 

days afterward on 3d day; 2d 
rise 

81 1% Water only......... Rose over 300%: Estimated 1/2 to 8th day: 1/4 not 
(Dog practically back 3/5 necrosis (see repaired; fat + 
19-30) to base line on Exper. 79) 

| 7th day 

82 1% 3d day: 1/2 to 3/5 
(Dog necrosis; fat +; 

19-39) | beginning reso- 
lution 

83 1% Water only......... Rose about 30%; Estimated 1/2 to 7th day: 1/4 to 1/3 
(Dog back to base 3/5 necrosis (see not repaired; fat 
19-39) | line by 4th day; Exper. 82) + 


fell below 
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TABLE 10.—Metasotism Fottowinc CHtLorororm Injury; Liver Repair UNDER 


Experi- 
ment 


ConpiTI 


Chloro- 
form, 
Hours 


1% 


ONS OF STARVATION 


Diet 


Nitrogen Curve 


Liver Injury 


AND SuGAR Feepinc—(Continued) 


Liver Repair 


Sugar, 200 gm. daily 
for 7 days 


Fstimated 1/2 to 
3/5 necrosis (see 
Exper. 82) 


7th day: 1/5 not 
repaired; trace 
of fat; glyco- 
gen +++ 


Water before and 
for 4 days follow- 
ing chloroform, 
sugar added for 
3 days 


Water before chlor- 
oform; sugar 
daily afterward 


Water before chlor- 


Rose 100%; still 
47% above base 
line when sugar 
was added; did 
not fully return 


Estimated 1/2 to 
3/5 necrosis 


7th day: trace not 
repaired; slight 
congestion; gly- 
cogen ++ 


on 3 days sugar 

Rose about 50%; 
below base line 
on Sth day 


2d day: 2/5to1/2 
necrosis; fat + 


9th day: trace not 
repaired; trace 
of fat; glyco- 
gen +++ 


‘About 18% rise; 
back to base 


Fstimated 1/2 ne- 
crosis (see 
Exper. 40) 


5th day: 1/4 not 
repaired; trace 
of fat; glycogen 
++. llth day: 
practically nor- 
mal; glycogen 
++ 


oform; sugar 
afterward line on 3d day 


sugar and pota- 
toes afterward 


2d day: 2/5 ne- 


crosis; slight cell 
injury up to1/2; 
trace of fat 


7th day; repair 
practically com- 
plete; no fat; 
glycogen +++ 


ExpertMENt 70.—Fasting Metabolism; Chloroform Anesthesia; Later Sugar 
Diet—Dog 18-47, a small, brown and white male. 


18 


Weight, Urine, Nitrogen, 
bs Cre. Gm. Diet Remarks 
a Water ad lib. 
17.25 Bladder washed 400 cc. water 
16.7 2.10 400 ¢.c. water 
16.0 571 1.93 400 cc. water 
15.63 408 2.24 400 ¢.c. water Speck of feces 
Chloroform anesthesia for 1 hour (11:00-12:00) 
5.3 423 3.14 400 ¢.c. water 
14.4 445 3.81 400 c.c. water Soft feces 
14.44 474 3.42 400 ¢.c. water Soft feces 
14.3 366 3.58 400 ¢.c. water Dog lively 
14.06 453 3.75 300 ¢.c. water 
13.75 71 3.16 300 c.c. water 
13.5 385 3.19 300 e.c. Water 
13.5 3b 3.53 300 ¢.c. water 
13.44 285 3.42 300 ¢.c. water 
13.2 359 3.14 300 ¢.c. water 
12.75 42 3.64 300 ¢.c. water and 
100 gm. sugar 
12.75 237 2.50 300 ¢.c. water and 
100 gm. sugar 
12.7 322 2.21 300 c.c. sugar and 
100 gm. sugar 
12.44 330 1.00 Mixed diet Dog well. 


Experiment discontinued 


| . 
(Dog 
19-39) 
85 
(Dog 
18-04) 
(Dog 
18-121) 
} (Dog 
18-82) 
‘ 
18-124) 
| Date 
Nov. 28 
Dee. 1 
; 4 
4 
5 
6 
7 
9 
10 
ll 
12 
13 
i 16 
17 


DAVIS-HALL-WHIPPLE—LIVER CELL PROTEIN 695 


ExpertimMENtT 71.— Fasting Metabolism; Chloroform Anesthesia; Sodium 
Bicarbonate Added.—Dog 18-89, a young, tan female. 


—Urine-——._ Nitro- 
Weight, Cath., Cage, gen 


Date Lbs. Cx. C.e. Gm. Diet Remarks 
Feb. 12 oan Water ad lib. Dog normal 
Bladder washed ..... 3%) ¢.c. water 
15 ; 1 265 2.93 300 ¢.c. water Feces + 
16 17.0 0 “65 3.21 300 ¢.c. water 
16 Chloroform anesthesia for 1% hours (10:30-12:00) 
17 15.7 s 275 3.28 300 c.c. water Quiet 
18 15.5 0 235 3.78 300 ¢.c. water Feces + 
19 15.44 0 325 3.58 300 c.c. Water 


5 em. NaHCO; 
20 15.2 0 310 3.02 WO ¢.c. water 
5 gm. NaHCOs 
20 «Piece of liver removed at 2:30 p. m.; over 1/2 necrotic; remainder fatty; repair 
started. 


21 14.38 0 350 3.05 300 c.c. water Feces +; roundworms 
5 em. NaHCOs 
22 14.3 1 185 3.49 300 ¢.c. water 
5 gem. NaHCOs 
23 14.06 5 210 3.52 200 ¢.c. water Bloody diarrhea: blood urea 
5 em. NaHCO: 33 mg.; distemper 
24 13.63 1 180 3.00 500 ¢.c. Water 
5 gem. NaHCOs 
25 13.3 1) 220 3.08 300 ¢.c. water Vomited 
5 gm. NaHOOs 
26 13.75 s 175 2.71 300 ¢.c. water Feces + 
5 em. NaHCO; 
27 12.9 3 270 2.71 300 ce water Sacrificed at 10:30 a. m.; blood 
5 gm. NaHCOs urea, 34 mg. 


Experiment 71.— Dog 18-89. Necropsy Report.— Very much emac ated; 
operative wound open down to peritoneum; infected wound in groin; a few 
pustules over abdominal skin. Liver: weight, 173 gm.; finely mottled—hemor- 
rhagic dots surrounded by white opaque areas. Abscess adjacent to liver 
wound. Right kidney missing; left hypertrophied, with probable cloudy 
swelling. 

Microscopic Report.—Liver: some repair has taken place, but still about 
one third unrestored; fat +; wandering cells and calcium deposits present in 
areas of repair. Spleen: fibrous. Kidney: slight cloudy swelling. 


ExpertMent 72.—Fasting Metabolism; Chloroform Anesthesia —Dog 18-110, 
a young, female collie. 


— Urine—— Nitro- 
Weight, Cath., Cage, gen, 
L 


Date bs. C.c. C.e. Gm. Diet Remarks 

Mar. 22 tone Water ad lib. Dog normal 
25 Bladder 300 ¢.c. water 
26 0 2 3.83 300 c.c. Water 
27 21.68 13 315 3.89 200 ¢.c. water Feces + 
28 21.13 1 205 3.11 300 ¢.c. water 
28 Chloroform anesthesia for 1% hours (2:45-4:15 p. m.) 
29 20.5 2 26) 3.80 300 ¢.c. Water Active 
20.06 22 255 5.0 300 ¢.c. water Feces 4+ 
31 19.9 5 150 5.30 300 ©.e. water Feces + 

April 1 19.7 s 245 4.25 300 cc. water 
2 19.3 1 26) 2.95 300 c.c water 
2 Piece of liver removed at 11 a. m.; 2.5 to 1/2 collapsed; fat to lobule peripheries 
3 19.2 16 100 3.11 30 ¢.c. water Feces + 
4 18.8 1 205 3.28 300 ¢.c. water 
5 18.5 bs 280 3.04 300 ¢.c. water Feces + 
6 18.13 26 185 3.04 300 c.c. water 
7 17.94 15 210 3.45 300 ¢.c. water Wound beginning to open 


| 
| 


April 8: Ether and sacrifice; blood urea, 61 mg. 
Necropsy Report. — Wound open. Liver: weight, 212 gm.; shows a fine 
dotting with red, each red dot being surrounded by a narrow opaque zone. 


— 
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Stomach: slight hyperemia; stomach and small intestine contain partly digested 
blood; tape worms in ileum. 

Microscopic Report—Liver: one third to two fifths still not repaired; fat, 
++; occasional calcium deposits present. Aidneys: slight congestion; slight 
cloudy swelling. 


ExpertMENT 73.—Fasting Metabolism; Chloroform Anesthesia—Dog 18-106, 
an old, male fox terrier. 


Urine—— Nitro- 
Weight, Cath., Cage, gen, 


Date Lbs. Gm. Diet Remarks 
May 6 16.04 ata Water ad lib. Dog normal 
16.8 Bladder washed .... 200 water 
9 16.38 li 230 2.57 200 ¢.c. water 
13 220 2.14 200 .c. water 
ll 5.8 23 220 2.10 200 c.c. water 
ll Chloroform anesthesia for 1% hours (11:00-12:15) 
12 27 2.57 200 ¢.c. water Feees ++; sick 
13 163 12 0 3.11 200 c.c. water Feces +; blood urea, 48 mg.; 
vomited 
i“ 15.25 16 160 3.47 200 ¢.c. water 
14 Piece of liver removed at 2:15; 1/2 necrotic; fat in remainder 
5 14.9 80 15 eee 400 ¢.c. water Feces +; thirsty 
inecage 
16 14.9 17 380 4.20 500 ¢.c. water Feces + 
in cage 
17 4.3 M4 455 5.06 500 ¢.c, water Wound opening; vomitus; 
in cage jaundice 
18 13.8 5l 640 3.71 500 ¢.c. water Bile stained vomitus; very 
in cage thirsty 
19 13.56 6 440 3.40 600 c.c. water Vomiting 
in cage 
20 13.3 Vomiting; sacrificed at 10:30 
a. m. 


Necropsy Report—Subcutaneous fat, and organs appear jaundiced. Liver: 
weight, 144 gm. Lobule centers are rather large and red, surrounded by wide 
opaque zones. Liver is speckled with small translucent patches; edge is irregu- 
larly atrophied. Spleen: shows two raised nodules, the size of peas, blotched 
red and gray. Kidneys: show no gross alterations, except jaundice. Near 
the tip of the left horn of the uterus is a firm, apparently fibrous, nodule the 
size of a large pea; on section this is found to be streaked yellow and white. 

Microscopic Report—Liver: Lobules two thirds fatty; central collapse of 
one fourth; portal fibrosis; lymph node shows breaking down red corpuscles. 
Kidneys: cloudy swelling. Spleen: fibrous; nodules are apparently spleno- 
lymphomas. Myoma in uterine horn. 


ExpertMent 74.—Fasting Metabolism; Chloroform Anesthesia; Sugar Added 
Later —Dog 18-49, a male fox terrier. 


Weight, Urine, Nitrogen, 
Date Lbs. C.c. Gm. Diet Remarks 
Oct. 7 conn obs anes Water ad lib. Dog normal 

” 19.5 Bladder washed .... 400 ¢.c. water 

ty 19.13 356 2.69 400 ¢.c. water Solid feces 

ll 18.7 376 241 400 ¢.c. water Solid feces 

12 18.44 426 2.83 400 ¢.c. water Slight diarrhea; blood 

12 Chloroform for hour-in p. m. NPN — 37 mg. 

13 18.7 40 4.26 400 ¢.c. water Unable to catheterize; cage 
contained solid feces; 
dog active and well 

4 17.5 au 4.09 400 ¢.c. water sample: nonprotein 

= 36 mg. 

15 17.0 422 3.73 400 ¢.c. water 

4 16.8 441 3.53 400 ©. water 

17 16.38 555 4.09 400 c.c. water Diarrhea 


| 
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Weight, Urine, Nitrogen, 
Lbs. > 


Date Ce Gm. Diet Remarks 
Oct. 18 16.06 416 3.70 400 c.c. water Dog well; blood nonpro- 
tein N == 42 mg. 
19 15.75 426 3.56 400 ¢.c. water 
20 6.3 418 3.51 400 c.c, water 
21 15.0 440 3.92 400 c.c. water Unable to catheterize 
22 14.75 421 4.48 400 ¢.c. water 
23 14.2 451 5.49 400 ¢.c. water in a. m. 
100 gm. sugar + 
kaolin in 300 c.c. 
water in p. m. 
24 14.13 691 4.23 100 gm. sugar Diarrhea 
400 ¢.c. water 
25 13.94 459 2.83 100 gm. sugar 
400 ¢.c. water 
26 13.63 48 2.61 100 gm. sugar Diarhea 
400 c.c. water 
27 13.5 397 2.44 100 gm. sugar Solid feces 
400 ¢.c. Water 
28 13.3 4 2.30 100 gm. sugar Diarrhea 
400 c.c. water 
29 13.06 434 Discontinued; dog active 
and apparently well, but 


emaciated 


It will be noted in the foregoing experiments that the curve of 
nitrogen excretion following chloroform administration rises very 
sharply ; where the animal is fasting, the output is usually much greater 
than when sugar is given, and the curve often does not come back to 
the former base line. This phenomenon of continued high output is 
illustrated graphically in Chart 1. In Experiments 70 and 74, sugar 
was given on the fourteenth day and a rapid drop of nitrogen excretion 
took place. The maximum daily output immediately referable to the 
chloroform usually occurred on the second day after anesthesia; the 
later rise in the second week, indicated in Chart 1, was, perhaps, due 
to pre-mortal breakdown of protoplasm. It is doubtful whether these 
curves would have dropped again had food not been given. This pre- 
mortal rise in nitrogen excretion of fasting animals occurs after a 
comparatively short period of starvation if chloroiorm anesthesia is 
administered during the course of the experiment. 

Not all nitrogen curves remain above the metabolism base line 
after chloroform anesthesia, even though fasting is continued. Chart 2 
shows two nitrogen elimination curves which come back to base line, 
or go below, and one curve for comparison which had not returned ten 
days after chloroforming. Opegative procedures during the course 
of an experiment increase the nitrogen output to a certain extent. 
Curiously enough, Dog 18-89, used in Experiment 71, suffered a very 
severe injury, and repaired slowly and incompletely. Yet the curve 
of urinary nitrogen rises but moderately following the anesthesia 
and returns to the base line level within a few days. It is not safe to 
associate a high nitrogen excretion with extreme liver injury without 
proper control. This parallel is a common but not an invariable 


finding. 
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Chart 1—Curve showing high output of nitrogen. 
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Chart 2.—Nitrogen elimination curves—two going back to base line or 
below, and one which had not returned to base line ten days after chloroform. 
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ExperRIMENT 75.—Metabolism on Sugar Diet; Chloroform Anesthesia.— 
Dog 18-49, a male fox terrier. 


Weight, Urine, Nitrogen, 


Date Lbs. C.e. Gm. Diet Remarks 
Nov. 26 Water ad lib. Dog norma! 
28 21.06 Bladder washed 100 gm. sugar + kaolin 
in 400 ¢.c. water 
29 20.9 313 2.02 100 gm. sugar + kaolin Soft feces 
in 400 c.c. water 
30 20.9 361 1.57 100 gm. sugar + kaolin Solid feces 
in 400 ¢.c. water 
Dec. 1 20.38 353 1.51 100 gm. sugar + kaolin Solid feces 


in 400 water 
1 Chloroform anesthesia for 1 hour (12:00-1:00) 


2 19.75 427 244 100 gm. sugar + kaolin Dog normal; very active 
in 400 c.c. water 

3 19.25 528 3.33 100 gm. sugar + kaolin Feces +; vomitus in bottle 
in 400 ¢.c. water 

4 19.3 291 2.35 100 gm sugar + kaolin 
in 400 ¢.c. water 

18.75 391 1.85 100 gm. sugar + kaolin Diarrhea 

in 400 c.c. water 

6 18.56 341 1.96 100 gm. sugar + kaolin 
in 400 ¢.c. water 

7 18.25 367 Discontinued; soft feces 


Experiment 76.— Fasting Metabolism; Chloroform Anesthesia; Sodium 
Bicarbonate Added—Dog 18-49, a male fox terrier. 


-—Urine——, Nitro- 
Weight, Cath., Cage, gen, 


Date Lbs. C.e. C.e. dim. Diet Remarks 
Apr. 10 23.56 ave wee cece Water ad lib. Dog normal 
13 22.0 Bladder washed .... 300 ¢.c. water; 
5 gm. NaHCOs 
14 21.5 0 210 2.48 300 ¢.c. water: Little soft, yellow feces 
5 gm. NaHOOs 
15 21.25 0 250 3.19 300 ¢.c. water: Little soft, yellow feces 
5 em. NaHCO; 
16 20.9 300 ¢.c. water; 
5 em. NaHOOs 
17 21.63 0 425 4.51 300 ¢.c. water; Fed by mistake 
5 gem. NaHCO; 
18 20.38 1 305 2.57 300 ¢.c. water; Soft feces 
5 gm. NaHCO; 
19 20.2 5 290 1.77 300 ¢.c. water; Soft feces 


5 gm. NaHCO; 
19 Chloroform anesthesia for 1% hours (10:10-11:40 a. m.); watery diarrhea 
75 260 8. 


20 18.7! 3 02 60) ¢.c. water; Not as active as usual; vomited 
5 em. NaHCO; 

21 18.7 2 450 5.02 300 ¢.c. water: Active 
5 em. NaHCO; 

22 18.2 3 420 4.39 300 ¢.c. water; Vomited 


5 @m. NaHOOs 
; 3/5 necrosis; fat 


22 Piece of liver removed at 11 a. m. + 
23 18.2 10 7 4.16 300 c.c. water; Wound all right; feces + 
5 em. NaHCOs 
24 puss 3 380 5.51 600 ¢.c. water; Vomited 
5 gm. NaHOOs 
25 17.75 4 170 5.09 300 ¢.c. water; Vomited 
5 em. NaHCOs 
26 17.06 2 340 3.72 200 c.c. water; Vomited; feces + 
5 em. NaHCO; 
27 16.25 2 255 3.35 200 ¢.c. water; Wound slightly open 
5 gm. NaHCO; 


Necropsy Report.— Hemorrhages subcutaneous (near wound), subpleural, 
and in thymus. Liver shows definite lack of repair; lobule centers are large 
and red; extending from the red centers to the lobule peripheries, the tissue 
is yellowish-white and opaque. Lymph nodes are large and dark. Cloudy 
swelling in heart and kidneys. Cystitis. 
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Microscopic Report—Liver shows one third to two fifths collapsed stroma; 
more fat than at operation; phagocytized pigment. Pigment also in spleen and 
lymph nodes. Pseudomembrane in stomach. Cloudy swelling in kidneys. 


EXPERIMENT 77.— Metabolism on Sugar Diet; Chioroform Anesthesia. — 
Dog 18-54, a white-eyed bull, female. 


Weight, Urine, Nitrogen, 


Date Lbs. C.e. Gm. Diet Remarks 
Nov. 20 Water ad lib. Dog very active 
2 26.63 Bladder washed 100 gm. sugar + kaolin; 
400 ¢.c. water 
23 26.5 191 2.38 100 gm. sugar + kaolin; 
c.c. water 
a4 26.38 231 2.072 100 gm. sugar + kaolin; Feees ++ 
400 ¢.c. water 
25 25.9 + 1.876 300 ¢.c. water; no sugar 
26 25.13 421 1.736 100 gni. sugar + kaolin; 


400 c.c. water 
26 ©=Chioroform anesthesia for 1 hour (10::-11:00 a. m.) 


27 24.68 416 3.36 100 gm. sugar + kaolin; 
400 c.c. water 
28 24.06 426 3.018 100 gm. sugar + kaolin; Feces ++ 
400 c.c. water 
29 24.06 210 244 100 gm. sugar + kaolin; 
400 ¢.c. water 
30 23.56 500 2.072 100 gm. sugar + kaolin; 
400 ¢.c. water 
Dec. 1 23.63 247 2.38 100 gm. sugar + kaolin; Diarrhea 
400 c.c. water 
2 23.3 357 2.10 100 gm. sugar + kaolin; 
400 c.c. water 
3 23.0 398 2.072 100 gm. sugar + kaolin; Diarrhea 
400 c.c. water 
+ 22.7 S86 2.016 100 gm. sugar + kaolin; Diarrhea 
400 ¢.c. water 
5 22.38 aN 1.782 100 gm. sugar + kaolin; Soft feces 
400 ¢.c. water 
6 22.06 431 17 100 gm. sugar + kaolin; Soft feces 
400 c.c. water 


Experiment discontinued 


Chart 3 illustrates the usual nitrogen elimination obtained by feed- 
ing sugar to animals anesthetized with chloroform. In two cases sugar 
feeding was begun before chloroform was administered, and in two 
cases afterwards. If the sugar feeding was intensive, one might expect 
a protective action against liver injury, but in Experiments 75 and 77 
there was a preliminary fasting period, and the feeding was probably 
inadequate to furnish complete protection to an adult animal. We 
should expect, therefore, a certain amount of liver injury in all these 
cases. The average rise in the nitrogen curve is somewhat less than 
that obtained in the fasting experiments. At first sight, Experiment 86 
appears to have an enormously increased output, but when it is 
observed at what level the chloroform was given, it will be seen that 
the actual rise was less than a 50 per cent. increase. Why the elimina- 
tion in this case was so much greater on the second and third days than 
on the first day of the experiment is hard to explain; perhaps inter- 
current infection caused the sudden increase. It will be readily seen 
that these curves come back to the metabolism base line following 


chloroform. 


‘ 
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Chart 3.—Usual nitrogen elimination by sugar’ fed animals after chloroform. 


Expertment 78.—Fasting Metabolism; Chloroform Anesthesia—Dog 18-54, 
a female bull. 


-— Urine—— Nitro- 
Weight, Cath., Caga gen, 
Date Lbs. C.e. C.c. Gm. Diet Remarks 
Jan. 28 29.13 — - sali Water ad lib. Dog normal 
27.9  Biladderwashed .... 300 c.c. water 
06 8 260 400 c.c. water 
400 c.c. water 
400 c.c. water 
our (11:40-12:40) 
400 ¢.c. water Feces +; very active 
400 ¢.c. water Feces + 
400 ¢.c. Water 
400 c.c. water 
400 c.c. water 
400 c.c. water 
400 c.c. water 
400 ¢.c. water 
400 c.c. water Feces + 
400 c.c. water; Diarrhea 
5 gm. NaHCOs 
400 water 
5 gm. NaHCOs 
Extra food Metabolism discontinued 


26.94 5 440 
26.3 6 440 
Chloroform anesthesia for 

25.0 37 495 

10 

25 

3 

17 

10 

7 

0 

ll 


Feb. 


> 


SSB 


8 


EXxperRIMENT 79.—Simple Starvation and Chloroform Anesthesia —Dog 19-30, 
a black and white male terrier. 

Oct. 4: Wt., 21.06 Ibs. Isolated for starvation before daily feeding; healthy 
and active. 

Oct. 5: Wt., 20.7 Ibs.; Oct. 6, wt., 20.11 Ibs.; no food. 

Oct. 7: Wt., 20.06 Ibs. Chloroform anesthesia for one and a quarter hours 
(from 9:50 to 11:05 a. m.). 

Oct. 8: Wt., 19.7 Ibs. Dull; gave food, but none eaten . 
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Oct. 9: Wt. 19.5 Ibs. Brighter; sugar by stomach tube. Piece of liver 
removed at 3 p. m.; sections show one half to three fifths necrosis, with fat 
to lobule peripheries. 

Oct. 10 to 12: Dog dangerously sick; gave glucose solution intravenously 
on four occasions. Slow recovery. 


Expertment 80.—Metabolism on Sugar Diet After Chloroform Anesthesia. 
—Dog 19-30, a black and white, male terrier. 


Urine—— Nitro 
Weight, Cath., Cage, gen, 
Date Lbs. C.c. C.c. Gm. Diet Remarks 
Nov. 10 21.2 eas oes on Water ad lib. Dog norma! 
11 20.5 Bladder washed .... 200 c.c. water Feees + 
12 20.06 2 20 1.31 200 ¢.c. water Blood clots in blad- 
der washings 
13 19.56 3 240 1.08 200 c.c. water Blood clots in blad- 


der washings 
18 Chloroform anesthesia for 1 4 hours (10:00-11:15 a. m.) 
if 19.0 8 250) 1.79 a. m.: 100 gm. cane sugar; Vomited 
200 ¢.c. water 
p. m. : 100 gm. cane sugar; 
200 ¢.c. water 
i5 18.44 6 505 2.37 a.m.: 100 gm. sugar; 100 
c.c. water + kaolin 
Pp. m.: 200 c.c. water 
16 18.5 0 215 1.33 a.m.: 100 gm. sugar; 100 Feces ++ 
e.c. water + kaolin 
p. m.: 200 c.c, water 
a 


17 18.5 4 210 1.35 .m.: 100 gm. sugar; 100 Feces ++ 
c.c. water + kaolin 
p. m.: 200 c.c. water 
18 18.5 2 200 1.48 a.m.: 100 gm. sugar; 100 Feces ++ 
c.c. water + kaolin 
p. m.: 200 ¢.c. water 
19 18.3 1 225 1.54 a.m.: 100 gm. sugar; 100 Feces ++ 
c.c. water + kaolin 
p. m.: 200 c.c. water 
2” 18.0 2 290 1.62 a.m.: 100 gm. sugar; 100 Feces ++ 
c.c. water + kaolin 
p. m.: 200 c.c. water 
21 17.75 2 340 1.57 Water ad lib. Metabolism dis- 


continued 
21 Piece of liver removed at 4 p. m.; 1/5 to 1/4 not filled out; fat + in lobule centers 


EXPERIMENT 81.—Fasting Metabolism; Chloroform Anesthesia—Dog 19-30, 
a black and white, male terrier. 


Urine—— Nitro- 
=e Cath., Cage, gen, 


Date Lbs. C.e. C.c. Gm. Diet Remarks 
Dec. 3 19.3 wae oon ase Water ad lib Dog normal 
4 18.75 Bladder washed .... 200 e.c water 
5 18.3 5 305 1.53 200 c.c. water 
6 17.94 3 75 144 400 c.c. water 
in cage 
6c anesthesia for hours (9:40-10:55 a. m.) 
7 7 23 170 2.64 400 ¢.c. water Sick; vomited 
in cage 
8 17.06 7 540 1.48 400 ¢.c. water Weak; thirsty 
in cage 
Qa 17.0 0 325 5.21 170 ¢.c. water 
10 16.56 3 290 3.67 200 c.c. water Vomited 
in cage 
Bt 16.13 7 385) 2.463 200 ¢.c. water Feces + 
in cage 
12 15.4 0 600 1.81 300 c.c. water 
in cage 
13 15.5 4 310 14 200 c.c. water 
in cage 
14 1% 1.62 Water ad lib. Metabolism discontinued 


544 
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| 
| | 
| | 


DAVIS-HALL-WHIPPLE—LIVER CELL PROTEIN 703 


Chart 4 shows the difference in nitrogen elimination following 


chloroform, in two experiments on the same dog; in Experiment 80 
sugar diet was given, in Experiment 81 the animal fasted throughout. 
The pre-anesthetic treatment was the same in both cases, and pre- 
sumably the injuries sustained were practically equal. Both curves 
came back almost to base line, and at the time of discontinuing the 
experiments the daily nitrogen elimination figures were the same. The 
striking difference in the two curves is in the amount of nitrogen 
excreted. The small curve in Experiment 80 can only be.due to the 
single variable— sugar feeding. This suggests very strongly that 
some of the necrotic liver end-products were held in the body by the 
ingested sugar, perhaps for construction of new liver parenchyma. 


| 


hart | 


4 


pate 


4 


Day 123 
Chart 4.—Curves showing difference in nitrogen elimination 
chloroform in two experiments on the same dog. In one (experiment 80) 


sugar diet was given; in the other (experiment 81) the animal fasted 
throughout. 


following 


EXPERIMENT 82.—Simple Starvation and Chloroform 
19-39, a female Airdale. 

Oct. 8: Wt., 26.13 Ibs. Isolated before daily feeding; 
recovered from distemper; in good condition. 

Oct. 9: Wt. 25.75 Ibs.; Oct. 10, wt., 24.8 Ibs.; no food. 

Oct. 11: Wt., 245 Ibs. Active and healthy. Chloroform anesthesia for 
one and a quarter hours (from 5:50 to 7:05 p. m.). 

Oct. 12: Wt., 23.06 Ibs. Still bright and active. 

Oct. 13: Wt., 22.9 Ibs. Still bright and active. 


Anesthesia —Dog 


starvation; has 


Nitrogen 
ges 
Sst 
ait 
Basking 
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Oct. 14: Wt., 22.75 Ibs. Piece of liver removed at 9:30 a. m. Sections 
show one half to three fifths necrosis (beginning resolution); fat + (scattered). 
Mixed diet. 


Experiment 83.—Fasting Metabolism; Chloroform Anesthesia.—Dog 19-39, 
a female Airdale. 


-— Urine——_ Nitro- 
Weight, Cath., Cage, gen, 
Lbs. C.c. C.c. Gm. 


Date m Diet Remarks 
Oct. 28 24.4 nen oak cana Water ad lib. Dog normal 
29 23.56 Bladder washed .... 250 ¢.c. water 
30 28.06 21 220 2.74 250 c.c. water 
31 23.0 46 199 2.85 250 ¢.c. water Feces + 
$1 Chloroform anesthesia for 1% hours (1:10-2:25 p. m.) 
Nov. 1 22.5 102 155 3.70 250 ¢.c. water, Quiet; vomited 
100 c.e. in cage 
2 22.13 112 20 3.48 200 ¢.c. water 
3 21.8 87 130 2.92 220 c.c. water 
4 21.56 5 220 2.88 200 c.c. water 
5 21.3 0 170 2.18 200 c.c. water 
6 21.06 ll 250 2.27 200 c.c. water 
7 21.0 23 25 Metabolism discontinued; mixed 


et 
7 Piece of liver removed at 2:30 p. m.; from 1/4 to 1/3 not repaired; fat +; 
congestion 


Experiment 84.—Regeneration on Sugar Diet—Dog 19-39, a female Airdale. 

Dec. 20: Wt., 27.3 Ibs. Isolated for starvation before daily feeding; wounds 
all healed; bright and active. 

Dec. 21 to 22: No food. 

Dec. 23: Wt., 25.2 lbs. Bright and very active. Chloroform anesthesia for 
one and a quarter hours (from 9:15 to 10:30 a. m.). 

Dec. 24: Wt., 24 lbs. Very active; apparently not affected by chloroform; 
200 gm. cane sugar by stomach tube. 

Dec. 25 to 27: 200 gm. sugar daily; retained all right. 

Dec. 28: Wt., 22 Ibs. Very active; vomited; put 200 gm. sugar in solution 
in cage; taken and retained. 

Dec. 29: Wt., 21.8 Ibs. Sugar (200 gm.) left in cage. 

Dec. 30: Wt., 21.5 lIbs.; 200 gm. sugar in a. m. Ptece of liver removed 
at 4:30 p. m. Sections show good repair; a little central stroma not filled 
out (one fifth or less); mere trace of fat; glycogen +++. Mixed food. 


ExpertMENT 85.—Fasting Metabolism; Chloroform Anesthesia; Sugar Added 
Later —Dog 18-94; a tan male bull. 


-— Urine——. Nitro- 
Weight, Cath., Cage, gen, 


Date Lbs. C.c. C.c. Gm. Diet Remarks 
Feb. 23 17.0 Water ad lib. Dog, young; normal 
Mar. 4 15.3 Biladderwashed .... 250 ¢.c. water Feces 
5 15.0 4 210 1.85 250 ¢.c. water 
6 14.56 0 280 2.11 250 ¢.c. water Sore eyes; distemper ? 
7 14.4 0 200 2.12 20) ¢.c. water 
7 Chloroform anesthesia for 1% bours (10:15-11:45 a.m.) 
3.8 6 2a0 3.65 250 c.c. water Quiet 
9 13.38 1 260 4.u 250 c.c. water Distemper 
10 13.3 0 199 3.28 250 c.c. water 
ll 13.25 6 305 3.00 250 ¢.c. water Trace of blood per catheter 
12 12.5 0 240 2.0 200 ¢.c. water; Vomited 
100 gm. sugar 
13 11.8 6 365 2.66 200 ¢.c. water; Feces +; blood in washings; 
100 gm. sugar weak and sick 
li 11.5% 10 140 2.57 200 c.c water; Feees +; distemper worse; sac- 


100 gm. sugar rificed in p.m.; blood urea 
37 mg. 
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Necropsy Report——Lungs show some dark areas, probably early pneumonia, 
especially in right lower lobe. Liver: delicate dimpling, and stippling with 
red. Kidneys: cloudy swelling, ecchymoses in outer cortex. Slight cystitis. 

Microscopic Report.—Lungs: atelectasis; spots of cell infiltration. Spleen: 
hemorrhages. Liver: slight unrestored central collapse, with congestion and 
wandering cell reaction; glycogen +. Kidneys: cloudy swelling; hyalin casts; 
congestion; hemorrhage. 


EXPERIMENT 86.— Metabolism on Sugar Diet; Chloroform Anesthesia. — 
Dog 18-121, a young, female collie. 


-— Urine. _Nitro- 
Weight, Cath., Cage, gen, 
Date Lbs. C.e. C.c. Gm. Diet Remarks 
May 28.13 see ave oven Water ad lib. Dog normal 
ove ons Water adi lib. 
26.0 Bladder washed .... 300 c.c. water in cage 
25.04 0 50 2.8 300 ¢.c. water, stomach tube Trace of biood in 
urine during ex- 
periment 
25.25 4.31 300 ¢.c. water, stomach tube 
24.75 4.20 25 gm. glucose; 75 gm. cane Vomited a little 
sugar + kaolin; 
300 ¢.c. water 
Chloroform anesthesia for hours (11:00-12:15) 
23.75 0 0 4.51 25 gm. glucose; 75 gm. cane Feces +; active 
sugar + kaolin; 
300 ¢.c. water 
23.25 . 25 gm. glucose: 75 gm. cane Vomited some; 
sugar + kaolin: blood urea 4 
300 water me. 
Piece of liver removed at 11:15 a.m.; 2/5 to 1/2 necrosis: fat + 
22.5 0 290 4.9 25 gm. glucose: 75 gm.cane 
sugar + kaolin; 300 ¢.c. 
water in cage 
22.56 125 4.17 25 gm. glucose; 75 gm. cane Feces + 
sugar + kaolin; 300 c.c. 
water in cage 
25 gm. glucose; 75 gm. cane Wound opening 
sugar + kaolin; 300 c.c. 
water in cage 
25 gm. glucose; 75 gm. cane Diarrhea 
sugar + kaolin: 300 ¢.c. 
water, stomach tube 
and cage 
25 gm. glucose; 75 gm. cane 
sugar + kaolin; 300 ¢.c. 
water. stomach tube 
and cage 
25 gm. glucose; 75 gm. cane Wound , open 
sugar + kaolin; 300 ¢.c. 
water, stomach tube 
and cage 
Sacrificed at 10 
a. m.; blood 
urea 23 mg. 


Necropsy Report-——Open incision is walled off by omentum; adhesions to 
liver in region of wound. Liver: weight, 327 gm.; lobule centers are unusually 
distinct; perhaps a trace of fat; bladder mucosa is quite injected in patches. 

Microscopic Report—Liver: a mere trace of central stroma not filled out; 
trace of fat; glycogen very heavy throughout. 
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ExperiMent 87.— Metabolism on Sugar Diet; Chloroform Anesthesia. — 
Dog 18-82, a young, white, female bull. 


—Urine—— Nitro- 
Weight, Cath., Cage, gen, 


Date Lbs Gm. Diet Remarks 
Mar. 21 Water ad lib. Dog normal 
25 18.44 Bladder washed .... 200 ¢.c. water Pus in urine 
26 17.94 1 225 2.59 250 ¢.c. water Blood and pus in 
urine; vomited 
27 17.25 0 295 2.57 200 c.c. water Feces 
28 17.13 1 220 2.61 25 gm. glucose; 100 gm. cane Pus in washings 


sugar + kaolin; 
200 c.c. water 
28 Chloroform anesthema for 144 hours (2:45-4:15 p. m.) 
29 16.9 2 100 2.79 25 gm. glucose; 100 gm. cane 
sugar + kaolin; 
200 c.c. water 
20 16.5 3 # 3.09 25 gm. glucose; 100 gm. cane 
sugar + kaolin; 
200 ¢.c. water 
31 16.06 0 65 2.13 25 gm. glucose; 100 gm. cane Feces + 
sugar + kaolin; 
200 ¢.c. Water 
Apr. 1 16.2 0 70 1.84 25 gm. glucose; 100 gm. cane 
sugar + kaolin; 
¢.c. water 
2 15.9 1 105 2.09 25 gm. glucose; 100 gm. cane Feces +; vom- 
sugar + kaolin; ited some 
200 c.c. water 
2 Piece of liver removed at 12 m.; about 1/4 collapsed; trace of fat; glycogen ++ 
3 15.44 4 275 2.38 25 gm. glucose; 100 gm. cane 
sugar + kaolin; 
200 ¢.c. water 


4 15.5 1 &@ 2.40 25 gm. glucose; 100 gm. cane Feces ++: pus 
sugar + kaolin; in washings 
200 ¢.c. water 
5 15.38 1 95 2.06 25 gm. glucose; 100 gm. cane Feces + 


sugar + kaolin; 
200 c.c. water 


6 15.13 1 130 2.78 25 gm. glucose; 100 gm. cane Vaginal dis- 
sugar + kaolin; charge; feces + 
200 c.c. water 
7 15.2 0 “ 2.13 25 gm. glucose; 100 em. cane Feces +; Vag- 
sugar + kaolin; inal discharge 
200 ¢.c. Water 
8 15. 2 165 1. Bread and milk Feces +; wound 
open 


& Piece of liver removed at 10:30 a. m.; practically normal; glycogen 


Expertment 88.— Regeneration on Sugar and Potatoes.— Dog 18-124, a 
young, black and white female. 

Aug. 22: Wt., 12.63 Ibs. Chloroform anesthesia for one and a quarter 
hours (from 2:25 to 3:40 p. m.); previous thyroid feeding for four days. 
(See experiment 23.) 

Aug. 23: Wt., 13 Ibs. Active; gave 20 gm. glucose and 80 gm. cane sugar 
+ kaolin in 150 c.c. water by stomach tube; potatoes ad lib. Piece of liver 
removed at 10:30 a. m. Sections show two fifths necrosis, and slight sur- 
rounding cell injury up to one half; very little fat. 

Aug. 25: Wt. 12.63 Ibs. Active; 100 gm. sugar + potatoes ad lib. 

Aug. 26: Wt., 12.63 Ibs.; Aug. 27, wt., 12.60 lbs.; sugar and potatoes as 
before. 

Aug. 28: Wt., 12.44 Ibs. Wound opening up a little; food as before. 

Aug. 29: Wt. 122 Ibs. Very active; potatocs, but no sugar. Piece of 
liver removed at 2 o'clock, sections show practically complete repair; no fat; 
glycogen in large amount. 


The attempt has been made in Table 11 to bring together in com- 
parative form the experiments relating to regeneration on starvation 
and sugar diets, in which we have more or less complete histologic data. 
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TABLE 11.—SummMary or Liver Injury 


Fasting 


Experiment 73, Dog 18-106 
Fasted 5 days before chloroform anesthesia 
1% hours 
on 3d day: 1 
mainder 
Repair on 9th day; 
fatty 


Injury 2 necrosis; fat in re- 


> 


1/4 not repaired; 2/3 


Experiment 72, Dog 18110 

7 days before chloroform anesthesia, 

1% hours 

Injury on Sth day: 2 
to periphery 

Repair on lith day: 1/3 to 
paired; fat ++; a few 
posits present 


Fasted 


5 to 1/2 collapsed; fat 
2/5 still not re- 
calcium de- 


Experiment 
Fasted (+ NaHCOs 


76, Dog 18-49 

for 9 days before 1% 
hours chloroform anesthesia 

Injury on 3d day: 3/5 necrosis; fat + 

Repair on 9th day: 1/3 to 2/5 not repaired; 
fat ++ 
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AND REPAIR 


Sugar Diet 

Experiment 86, Dog 18-121 

Fasted 5 days before chloroform anesthesia, 
hours 

Injury on 2d day: 
moderate 

Repair on 9th day: trace not repaired; trace 
of fat: glycogen +-+ 

Experiment 8&7, Dog 18-82 

Fasted 7 days before chloroform anesthesia, 
1% hours 

Injury on 5th day: 
fat; glycogen 
(Exper. 40) on same 
initial necrosis 

Repair on lith day: practically normal; gly- 
cogen +-+ 


2/5 to 1/2 necrosis; fat 


14 collapsed; trace of 
another experiment 
dog shows 12 


Fasted § days before 1% hours chloroform 
anesthesia; fasted 4 days after chloro- 
form, then sugar for 3 days 

Injury estimated 1/2 to 3/5 necrosis 

Repair on 7th day: trace not repaired; gly- 

cogen ++ 


Experiment 71, Dog 18-89 
5 days before 14 hours chloroform 
anesthesia; given NaHCOs later 
Injury on 4th day: over 1/2 necrosis; remain- 
der fatty; repair started 
Repair on llth day: 1/3 not repaired; fat +; 
calcium deposits present 


Fasted 


Experiment 88, Dog 18-124 

3 gm. thyroid powder daily for 4 days previ- 
ous to 14 hours chloroform anesthesia 

Injury on 2d day: 2/5 necrosis; severe injury 
up to 1/2; potatoes added to sugar diet 

Repair on 7th day: practically complete re 
pair; no fat; glycogen +++ 


Experiment §1, Dog 19-30 


Fasted 4 days before 144 hours chloroform 
anesthesia 
Injury estimated 1/2 to 3/5 necrosis—from 


control experiment on same dog (see 
Exper. 79 
Repair on &th day: 


1/4 not repaired; fat + 


Experiment 8&8, Dog 1939 

Fasted 4 days before 14, hours chloroform 
anesthesia 
estimated 1/2 to 3/5 necrosis—from 
control experiment on same dog (see 
Exper. 82) 
Repair on 7th day: 

fat moderate 


Injury 


1/4 to 1/3 not repaired; 


Experiment Dog 20-20 
Fasted 4 days before 14 hours chloroform 
anesthesia 
Injury estimated 1/2 to 3/5 necrosis (see con- 


tro) Exper. 79) 
Repair on 8th day: 1/5 to 14 not repaired; 
repair is slightly, though distinetly 


better than in Exper. §1 
Experiment 84, Dog 19-389 
4 days before 1‘, bours chloroform 
anesthesia 
Injury estimated 1/2 to 3/5 necrosis (see con- 
trol Exper. 82 
Repair on 7th day: about 1 
trace of fat; glycogen 


Fasted 


5 not repaired; 


We have observed that two successive chloroform injuries in the 


same dog are practically the same, the starvation period, the duration 


of anesthesia, and other variables being equal. 
the course of an experiment introduce certain complications. 


Operations during 
There- 


fore, we decided to determine the injuries in some dogs under standard 
conditions of four days’ starvation and one and a fourth hours’ chloro- 


form anesthesia, and thereafter to use these dogs for metabolism work, 


assuming that their injuries were comparable to the controls in each 


instance, and to operate only at the end of an experiment to find out 


the amount of repair. 
Experiments 83 and 84 on Dog 19-39, are examples of this plan. 


Experiments 80 and 81 on Dog 19-30, and 
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The evidence here tabulated overwhelmingly demonstrates a greater 
regeneration on a carbohydrate diet than on starvation. This differ- 
ence is usually more striking when the sections are compared than 
when estimations of the injuries are set down in figures. In successive 
experiments on the same dog, this difference in repair can be corre- 
lated with a difference in nitrogen elimination (Chart 4), the fasting 
dog usually excreting far more nitrogen than the sugar fed animal. 
The obvious conclusion is that part of the ingested sugar, plus the 
nitrogen which would otherwise be eliminated, goes to form new 
liver tissue. 

DISCUSSION 
Through the efforts of Lusk,® and others, the phenomenon of 
“protein sparing action of carbohydrate” is well recognized. That is, 
the loss of nitrogen in fasting is much less if the body contains a good 
store of glycogen, and the loss of nitrogen on an insufficient protein 
intake may be lessened or perhaps stopped by the addition of a suitable 
amount of carbohydrate (or fat) to the diet. Carbohydrate added to a 
diet already maintaining nitrogen equilibrium not only causes a delay 
in nitrogen excretion,® but may actually induce a storage of protein 


@ 


in the body.” 

It is recognized that carbohydrates in the ordinary body metabolism 
furnish fuel for heat and energy. A fairly definite percentage of sugar 
is maintained in the blood stream, and within certain limits extra sugar 
is stored as glycogen, or converted to fat, for future use as fuel. 
Under certain circumstances, for example, prolonged fasting, or P 
pathologic conditions such as diabetes, the proteins are burned up, and 

it is known that about 60 per cent. of tissue protein can be made avail- 


able as carbohydrate. 

The probability that lactic acid, and perhaps pyruvic acid, may be 
intermediate products in carbohydrate metabolism has been recognized 
for years. Chemically, these two acids are quite closely allied to 

certain amino-acids, notably alanin."' Ringer, Frankel and Jonas™ 
have shown that lactic acid, alanin, and to a less extent pyruvic acid, 
are capable of yielding glucose in phlorizinized dogs. Kocher’ has 
demonstrated that lactic acid, and to a less extent pyruvic acid, are 


“protein sparers.” 


8. Lusk, Graham: The Elements of the Science of Nutrition, Ed. 3, 1917. 

9. Mendel, L. B., and Lewis, R. C.: J. Biol. Chem. 16:37, 1913-1914. 

10. Sherman, H. C.: Chemistry of Food and Nutrition, Ed. 2, Macmillan 
Company, New York, 1918. « 

11. Ringer, A. IL, and Lusk, Graham: J. Biol. Chem. 7:20, 1909-1910. 

12. Ringer, A. I.: J. Biol. Chem. 15:145, 1913. 

13. Kocher, R. A.: J. Biol. Chem. 25:571, 1916. 
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The question arises as to the nature of this protein sparing action 
of carbohydrates. It is held by some to be simply a matter of sub- 
stituting sugar for protein as a source of energy, thus lessening 
katabolism. Landergren™ offered the further suggestion that carbo- 
hydrate ingestion relieved the body protein of the duty of maintaining 
a constant blood sugar level. As pointed out by Sherman, this would 
not explain an actual storage of nitrogen on an exclusive carbohydrate 
diet. It is believed by many able investigators that carbohydrate 
spares the protein of the body by inhibiting the intracellular ferments 
which tend to break down the cell protein —a true sparing at the 
source. 

Janney,’® Sherman, Kocher and many others ascribe a more or less 
active role to the ingested sugar; that is, an aminization of lactic and 
pyruvic acids with the end-products of protein katabolism, and an 
actual construction of new tissue protein. 

We consider that the evidence which we present in this communica- 
ion definitely supports the last theory. Here we know that there is 

1 extensive liver necrosis and we can follow the daily elimination of 
e nitrogen waste. On the addition of sugar to the diet the nitrogen 
xcretion is markedly diminished, and concurrently liver repair takes 
ace. The repair following sugar feeding is quite striking compared 
ith that occurring in fasting. Moreover, the daily nitrogen elimina- 
n after the first great rise due to dead liver protein, can be further 
duced by sugar administration; here again there is a consequent 
liver repair. 

It is not possible to say from what source the protein split products 

re obtained which are combined with the sugar to form liver cell 
ein. There are at least two probable sources: (1) the necrotic 
cells; (2) the products of normal or accelerated cell katabolism 
body elsewhere than in the liver. One naturally thinks of the 
tic and autolyzing liver cells as a most probable source of nitrog- 
s split products, yet we believe the evidence does not altogether 
rt this assumption. The rise of urinary nitrogen is greatest on 
st three days following the chloroform anesthesia whether sugar 
1.or not. Moreover, during this period the liver cells show 
Fable autolysis, and we may imagine that much of the cell 

is spit up, digested and removed, perhaps to account for much 

©) incre @\urinary nitrogen. The actual liver cell construction 


activ from the third day on, when presumably the mass of 
. 


: Skand. Arch. f. Physiol. 14:112, 1903. Abstr. Exp. Sta. 
ed by Sherman, Footnote 10. 
.: J. Biol. Chem. 20:321, 1915; ibid. 22:203, 1915; 23:77, 


4 
‘ 
a 
j 
14. 
Rec. 14:1099, 
15. J 
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necrotic liver cells is much less in evidence or almost completely 
removed. We are willing to admit that some of the protein split 
products from these liver cells may be stored in the body and used 
later to combine with the carbohydrate to form the new liver cells; 
but it seems more probable that the protein split products used to form 
new liver cells may be derived from the usual protein split products 
formed in the daily cell katabolism. 

We are not prepared to explain the sustained high curve of 
nitrogen excretion which may persist (Chart 1) for many days follow- 
ing a chloroform injury combined with fasting. We may safely 
assume that most of the necrotic cell protoplasm has been removed in 
the first three or four days after the anesthesia, but the rapid wasting 
and great loss of nitrogen continues. One interesting possibility is to 
be considered — that the livers are so injured in such cases that the 
minimal amount of protein split product conservation is not kept up 
— conservation which goes on to a degree even in starvation. This 
suggestion would attribute a very important role to the liver — that o 
combining the sugar and protein split products into some form whic 
can be used elsewhere in the body to rebuild its needed cells. The 
are observations in cases of acute yellow atrophy which may D 
harmonized with this suggestion. 


SUMMARY 

The curve of urinary nitrogen excretion of a dog makes a suddetiy 
rise after chloroform injury. The actual amount of nitrogen elim- 
inated following injury is greater in a fasting than in a sugar fed 
animal. Furthermore, the curve of excretion often remains well abovegs 
the starvation metabolism base line if fasting is continued a 
chloroform anesthesia. If sugar is given the curve immediately 
even below the pre-anesthetic base line. 

Liver repair is much more rapid and complete on a sugar, or 
carbohydrate diet than it is on starvation. In fact, an injury of 
half of each liver lobule may be completely repaired in nine days of 
sugar diet, but only 50 per cent. repaired under fasting conditior 

This is convincing evidence that the “protein sparing ac of a 
carbohydrate” in this instance is a true conservation of protec? a 
products. This evidence can not be explained as protein spa 
the source or as simple inhibition of protein autolysis or katabonyyy 

It is suggested that the liver may be the place in which thiggull 
of carbohydrate and protein split products may be made ~~ 


whether the resultant products are to be used in the liy 1s -where a 


in the body. 


o~ 


LIVER REGENERATION FOLLOWING CHLOROFORM 
INJURY AS INFLUENCED BY VARIOUS 
DIETS 
MECHANISM OF PROTEIN SPARING ACTION OF FAT * 


PAPER IV 


N. C. DAVIS anno G. H. WHIPPLE, M.D. 


SAN FRANCISCO 


This article cannot be looked on as complete in any sense, yet the 
data have considerable value in conjunction with the experiments 
given in the other papers of the series. It is evident that more experi- 
ments are needed to determine the exact influence of the cooked 
parenchymatous organs and organ extracts on liver cell repair. Incom- 
plete proteins, for example, gelatin, should be tested to ascertain if 
possible what repair can take place on such diets. The lipoids and 

-allied substances may have a part in this reaction and the influence 
of thyroid and other ductless glands or extractives of these glands 
should be worked out. Some of this work we ‘ope to carry out in 
the near future. 

From the experiments at hand it is clear that the liver will regen- 
erate at maximum speed following a unit chloroform necrosis if the 
animal is fed a diet rich in carbohydrate, a bread and milk diet or an 
ordinary mixed diet. The diets which rank next to this optimum 
group may be the parenchymatous organs (liver and kidney) and 
meat, perhaps brain, although this last diet is usually distasteful to 
dogs. Liver regeneration is rapid on these rich protein diets and more 
data may show that the optimum regeneration may at times follow the 
administration of such foods. 

Thyroid fed in large amounts is known to favor tissue katabolism, 
but this does not favor liver regeneration and may even inhibit it. 
Under such circumstances the liver cannot take advantage of the 
protein split products and conserve them for use in construction of 
liver cells. It will be of considerable interest to observe the effect 
of large doses of thyroid combined with carbohydrate and of small 
doses of thyroid with and without carbohydrate. 

Fat feeding supplies the most interesting observation brought out 
in this paper. Sufficient data are presented to show that liver injury 
will be regenerated just as rapidly as during complete fasting on a 
pure fat diet. In other words, the fat does not contribute in the least 


*From the George Williams Hooper Foundation for Medical Research, 
University of California Medical School. 
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to the tissue building in the liver. We may make several deductions 
from this evidence when we recall that pure sugar makes possible a 
rapid and complete liver repair. Both fat and sugar are burned as 
fuel in the body and are recognized as “sparing protein” in one way 
or another. We have suggested in the preceding paper that sugar 
must “spare protein” by conservation of protein split products which 
are constructed into liver protoplasm. It is of course possible and 
even probable that sugar also is capable of “sparing protein” by acting 
at the source of protein katabolism and preventing this autolysis or 
tissue break down. Fat obviously acts as a “protein sparer” not by 
conservation of end-products and reconstruction of new liver tissue, 
but by some protecting action at the source of tissue katabolism. 

These experiments mark out a clean-cut difference in the metab- 
olism of fat and carbohydrate relating to protein construction and 
destruction. It may be that this reaction is limited to the peculiar 
conditions of these experiments, but we believe it may be applicable 
to general body metabolism. Surely the metabolism and cell repair 
of a large and important organ like the liver must play an important | 
part in the body metabolism and give more than a hint concerning 
the reaction of other less rapidly functioning cells. 

The striking difference between the fat feeding and brain feeding 
experiments is worthy of further study. It will be of some interest 
to determine in what way the neutral fats differ from brain extractives 
(cholesterol, lipins, etc.) when given in diets to influence liver repair. 

The values of various foods and combinations of foods for pro- 
moting growth and maintaining weight and bodily activities have been 
extensively studied by Osborne and Mendel,? McCollum,’ and a host: 
of others. Such studies may have a bearing on our particular problem, 
although we have used comparatively short feeding periods. The effect 
of various diets on the growth of tumors has been enthusiastically 
studied by many investigators* because of the tremendous practical 
value of such knowledge. 

Hunt,* Janney,® Kendall* and others have suggested that the 
thyroid has a rdéle in regulating the supply of food for the formation 


1. Osborne, T. B., and Mendel, L. B.: Feeding Experiments with Isolated 
Food Substances, Pub. Carnegie Inst., Washington, D. C., 1911; Pub. 156, Part 
II, J. Biol. Chem. 15:311, 1913; 16:423, 1913-1914; 20:351, 1915. 

2. McCollum, E. V.: Summarized in: The Newer Knowledge of Nutrition, 
The Macmillan Company, New York, 1918. 

3. Sweet, J. E., Carson-White, E. P.. and Saxon, G. J.: J. Biol. Chem. 
15:181, 1913. Van Alstyne, E., and Beebe, S. P.: J. M. Res. 29:217, 1913- 
1914. Rous, Peyton: J. Exper. M. 20:433, 1914. Robertson, T. B., and Burnett, 
T. C.: J. Exper. M. 23:631, 1916. 

4. Hunt, Reid: Hygienic Lab. Bull., No. 69, 1910. 

5. Janney, N. W.: J. Biol. Chem. 24: 1916, Proc. 30. 

6. Kendall, A. C.: J. A. M. A. 71:871, 1918. 
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of living protoplasm. That other ductless glands have a function in 
governing growth and development is well recognized; Robertson’ 
has recently emphasized the action of the pituitary gland in this 
respect. We cannot deny that the activities of the organs of internal 
secretion may play an important part in cell regeneration and in liver 


repair. 

MacCallum,* Pearce,* Whipple and Sperry*® have studied regenera- 
tive changes in the liver after necrosis, but without especial reference 
to the influence of diet. 

Blood serum protein regeneration has been recently studied by 
Kerr, Hurwitz and Whipple." It was clear that fasting delayed the 
serum protein regeneration and a heavy protein diet was most favor- 
able for rapid repair. Under optimum conditions after a severe plasma 
depletion to about 30 or 40 per cent. of normal, the serum protein 
regeneration required from five to eight days. This slow curve of 
repair is very like the curve of regeneration noted in liver injuries. 
It suggests that the serum protein is built up with the same difficulty 
as the liver protein. The experiments indicate, further, that liver 
cells may be concerned in serum protein regeneration as a liver injury 
interferes with the serum protein repair. 


METHODS 


The chloroform injury has been quite definitely ascertained in each case 
here reported, usually by operative removal of a small piece of liver for micro- 
scopic examination on the second day following anesthesia. 

Fluids such as cottonseed oil and suspension of thyroid powder were given 
by stomach tube; solid foods were left in the cages for consumption. Amounts 
are indicated in the individual protocols. 

Repair has been determined microscopically at the end of a week or more, 
either by means of another operation or after sacrifice of the animal. 

The technic of our experiments has been more fully explained in the other 
papers of this series. All operative procedures without exception were carried 
out under ether anesthesia. 


EXPERIMENTAL OBSERVATIONS 


All observations are given in the form of tables to facilitate a 
survey of the various groups of experiments. In addition, each experi- 
ment is given in the form of a history, including the necessary experi- 
mental details, histologic data and necropsy findings. These histories 
usually follow the proper tables. 


7. Robertson, T. B.: J. Biol. Chem. 24:363, 385 and 397, 1916. 

8. MacCallum, W. G.: Johns Hopkins Hosp. Rep. 10:375, 1902; ibid. 
J. A. M. A. 43:649, 1904. 

9. Pearce, R. M.: J. M. Res. 15:99, 1906. 

10. Whipple, G. H., and Sperry, J. A.: Bull. Johns Hopkins Hosp. 20:1, 1909. 

11. Kerr, W. J., Hurwitz, S. H., and Whipple, G. H.: Am. J. Physiol. 
47: 356, 370 and 379, 1918. 
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Experi- | Chlor- | Liver | Regeneration | Liver 
ment oform | Injury | Diet Repair | Remarks 
Hours | | | 
== 
l 1/3 necrosis; ex-| Sacrifice im 2 ..| Milk and mixed diet; 
(Pup 2a) | tensive, diffuse| days (control) | no preliminary star- 
| fat | vation; Wt., 1.94 Ibs. 
(Pup 2b) | 1 | Estimated the | Bread and skim | 8th day: complete | Same diet as 2a; same 
| | Same as 2a ; milk ad lib.| repair; no fat; age; Wt., 1.75 Ibs.; 
| | for 7 days much glycogen sacrificed on 8th day 
91 1/2 to 3/5 ne| 2d day: bread 9th day: repair | Operation on 2d day 
(Dog crosis; fat} and skim milk| practically com-; after chloroform; 
18-82) light over 2/5 ad lib. | plete; trace of | feeding begun on 3d 
| fat; much gly-| day; sacrificed on 
cogen oth day 


Experiment 90.—Regeneration on Bread and Skim Milk Diet—Pup 2a 
(control), a black female. 

April 23: Pup is 6 weeks old; in good health; wt., 1.94 lbs.; previous 
milk and mixed diet. Chloroform anesthesia for one hour (from 10:55 to 
11:55 a. m.). 

April 24: Active; no food. 

April 25: Sacrificed at 3:30; blood urea, 30 mg.; urea N, 14 mg. 

Necropsy Report.—Blood clots slowly; clots are flabby. Liver: weight, 38 
gm. Lobule centers are hard to discern; about two thirds -of each lobule is 
opaque and white; outer zones of lobules are translucent gray. Intestine 
contains two round worms and several tape worms. 

Microscopic Report—Liver: Necrosis of about one third; extensive, dif- 
fuse fat deposits, especially toward lobule centers. 

Pup 2b, a tan male. 

April 23: Same litter as 2a, and on same diet; wt., 1.75 Ibs. Chloroform 
anesthesia for one hour (from 10:55 to 11:55 a. m.); bread and skim milk diet. 

April 24 to 30: Bread and milk ad /ib.; eats well; noisy. 

May 1: Wt., 1.38 ibs. Sacrificed at 10:30 a. m.; blood urea, 30 mg.; 
urea N, 14 mg. 

Necropsy Report.—Blood clots quickly; viscera a little pale. Liver: weight, 
54 gm.; no evidence of necrosis or fat. 

Microscopic Report—No necrosis or collapse in lobules; no fat; much 
glycogen; cells around central veins have a dense formation, and stain dif- 
ferently from the peripheries—possibly newly formed tissue. 


ExpertMENtT 91.—Regeneration on Bread and Skim Milk Diet—Dog 18-82, 
a young white female bull. 

June 11: Wt., 18.63 Ibs. Chloroform anesthesia for one and a half hours, 
with carbonate solution intravenously at the same time. 

June 12: Wt., 18.63 Ibs. Very lively. 

June 13: Wt., 17.56 lbs. Removed piece of liver at 2 o'clock. Liver lobules 
show central necrosis involving from one half to three fifths of all cells. The 
remaining cells contain much fat. Lost considerable blood; gave epinephrin 
subcutaneously. 

June 14: Wt., 17.2 lbs. Dog is rather weak; feeding begun; bread and 
skim milk ad lib. 

June 15: Wt., 17.63 Ibs.; June 16, wt., 18.06 lbs.; June 17, wt., 18.38 Ibs.; 
June 18, wt., 18.38 Ibs. 

June 19: Wt., 18.25 Ibs. Bread and skim milk ad lib.; dog is very active 
again. 

June 20: Sacrificed at 9 a. m.; blood urea, 38 mg.; urea N, 17.7 mg. 


TABLE 12.—Liver Receneration on Brean AND Skim Mitk Dtet 
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Necropsy Report—Liver: weight, 286 gm.; necrotic material and fat prac- 
tically gone, but lobule centers are very prominent. Spleen: surtace is quite 
nodular; malpighian bodies are very large and milky. Aidney cortex seems 
to have an unusual streaking with white. 

Microscopic Report—Liver: some lobule centers seem to have a very slight 
amount of stroma not filled out; a trace of fat, a few wandering cells, and 
much glycogen present. 

The foregoing experiments show an excellent regeneration on bread 
and skim milk. This diet is rich in carbohydrate, but contains more 
protein than the sugar and potato diet fed in Experiment 88 ( Paper III 
of this series). Both of these diets are very poor in fat. These mixed 
diets are, perhaps, somewhat better than pure carbohydrate for liver 
cell regeneration. 


TABLE 13.—Liver Receneration on Fat Diets 


Experi- Chilor- Liver Regeneration Liver 
ment oform Injury Diet Repair Remarks 
Hours 
it 2d day: 1/4to 1/3 Fat diet: butter, 7th day: 15 to Operation on 2d day: 
(Dog necrosis; severe lard, fat meat, 1/4 not repair operation on 7th day 
19-5) cytoplasmic in- cottonseed oil ed; fat over 
jury up to 1/2; 2/5 
fat throughout 
93 1% 2d day: 1/4to1/3 Fat diet: butter, 7th day: 1/5 to Operation on 2d day; 
(Dog necrosis; severe lard, fat meat, 1 4 not repair- operation on 7th 
19-6 eytoplasmie in- cottonseed oil ed: slight seat- day; almost the 
jury up to 1/2; tering of fat same picture 
fat throughout throughout as in 
Exper. 92 
4 1% 2d day: 1/2 necro- Fat diet: fat Tthday: 1/4 not | Operation on 2d day: 
(Dog sis; some sur- meat, lard, cot- repaired; 3/4) operation on 7th day 
18-124) rounding in- tonseed oil: fat fatty | 
jury; 1/3 fatty from beef hearts 
95 i, 2d day: about 3/5 Mixed food (con- ............... Operation on 2d day 
(Dog necrosis; some _ trol) | to find the necrosis 
19-37) fat throughout | obtained under these 
“standard” cond 
tions 
96 1% Fstimated 3/5 as 75 ¢.c. cottonseed 7th day: 14 to | Metabolism experi- 
(Dog in Exper. 95 oil daily 1/3 not repair- ment; N rose about 
19-37) ed; 3.5 fatty 75%, but fell below 


the pre-anesthetic 
base line by the 6th 
day ; died under an- 
esthetic on 7th day 


EXPERIMENT 92.— Regeneration on Fat Diet.—Dog 19-5, an adult male 
Airdale. 

July 17: Wt., 26.75 Ibs. Chloroform anesthesia for one and a half hours 
with carbonate solution intravenously; previous starvation of three days. 

July 18: Wt., 26.25 lbs. Apparently as well as usual; butter and lard. 

July 19: Wt., 26.13 Ibs. Vomited about 2 o'clock. Piece of liver removed 
at 2:45 p. m.; severe injury of one half, with actual necrosis involving from 
one fourth to one third of lobule; fat throughout; fat left in cage. 

July 20: Wt., 26.2 Ibs. Wound in good condition; eats fat all right 

July 21: Wt., 25.94 lbs. Wound in good condition; fat diet ad lib. 

July 22: Wt., 26.3 lbs. Losing appetite; added scraps of fat meat, and 
gave 100 c.c. cottonseed oil by stomach tube. 

July 23: Wt., 25.9 Ibs. Wound is opening; fat and oil as yesterday. 
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July 24: Wt., 25.56 Ibs. Beginning distemper. Piece of liver removed at 
3 o'clock. Sections show scattered fat over central two fifths of lobules; 
central collapse of one fifth to one fourth (actual necrosis not repaired). 
July 25: Mixed diet. 


ExperIMENT 93.—Kegeneration on Fat Diet—Dog 19-6, a yellow adult male 
mongrel. 

Aug. 19: Wt., 26.75 Ibs. Chloroform anesthesia for one and a half hours 
(from 9:10 to 10:40 a. m.); carbonate solution intravenously during anes- 
thesia; previous starvation of three days. 

Aug. 20: Wt. 25.9 Ibs. Quieter than usual; diet of butter, lard and a 
little cracker meal. 

Ave. 21: Wt., 25.2 Ibs. Eats fat well; bright and active. Piece of liver 
removed at 1:15 p. m. Sections show necrosis of one fourth to one third, 
severe cytoplasmic injury up to one half, and scattering of fat to lobule 
peripheries. 

Aug. 22: Wt., 25.7 Ibs. In addition to fat mirture ad lib., gave 100 c.c. 
cottonseed oil by stomach tube. 

Aug. 23: Wt., 26 Ibs. Eats some butter, lard and fat meat scraps; 100 c.c. 
cottonseed oil by stomach tube. 

Aug. 24: Wt., 262 Ibs.; 100 c.c. cottonseed oil, and fat scraps. 

Aug. 25: Wt., 26.3 Ibs.; 100 c.c. cottonseed oil, and “% pound butter. 

Aug. 26: Wt., 26.13 lbs. Fat scraps ad lib. Piece of liver removed at 
3 o'clock. Sections show a moderate central collapse, distinctly greater than 
after regeneration on meat diet (experiment 99); wandering cells present; slight 
scattering of fat. 


EXxperIMENT 94.—Regeneration on Fat Diet—Dog 18-124, a young, black and 
white female. 

Oct. 11: Wt., 13.75 Ibs. Isolated for starvation before daily feeding, active; 
previously fed thyroid, chloroformed, and regenerated on carbohydrate diet. 

Oct. 12: Wt., 13.44 Ibs.; Oct. 13, wt., 13.25 Ibs.; starvation. 

Oct. 14: Wt., 13 Ibs. In good condition; fourth day of starvation. Chlo- 
roform anesthesia for one and a quarter hours (from 2 to 3:15 p. m.). 

Oct. 15: Wt., 12.44 Ibs. Bright and active; 75 c.c. cottonseed oil by stom- 
ach tube; also fat meat left in cage. 

Oct. 16: Wt., 12.38 Ibs.; 75 c.c. cottonseed oil; fat scraps and lard. Piece 
of liver removed at 3:30 p. m. Sections show one half necrosis; fat involves 
over one third and is moderate in amount; some vacuolated injured cells sur- 
rounding necrosis. 

Oct. 17: Wt., 12.38 Ibs. Bright and active; 75 c.c. cottonseed oil, also fat 
scraps; vomited some; fat from beef hearts in p. m. 

Oct. 18: Wt., 12.63 Ibs.; 75 ¢.c. cottonseed oil and fat from beef hearts; 
vomits a little. 

Oct. 19: Wt. 12.13 Ibs. Active as usual; wound red and swollen; food 
as yesterday. 

Oct. 20: Wt., 12.44 Ibs. Active; wound slightly open; 75 c.c. cottonseed 
oil, lard, and fat from beef hearts. 

Oct. 21: Wt., 12.38 Ibs. Fat only. Piece of liver removed at 1:30 p. m. 
Sections show liver lobules one fourth unrepaired; the remaining liver cells 
show fatty degeneration. 

ExpertMent 95.—Simple Starvation and Chloroform (Control)—Dog 19-37, 
a yellowish-brown male mongrel. 

Oct. 2: Wt., 33.5 Ibs. Isolated for starvation before daily feeding; healthy 
and very active. 

Oct. 3: Wt., 32.25 Ibs.; Oct. 4, wt., 31.7 Ibs.; no food. 

Oct. 5: Wt., 31.75 tbs. Chloroform for one and one-fourth hours (from 
9:25 to 10: 40 a. m. 

Oct. 6: Wt., 30. 


5 Ibs. Quiet. 
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Oct. 7: Wt., 302 Ibs. Quiet but fairly bright. Piece of liver removed at 
3 p. m. Sections show hyaline necrosis involving about three fifths of each 
liver lobule; some fat to lobule peripheries. Mixed food. 

ExpeRIMENT 9%.— Liver Regeneration on Cottonseed Oil. —Dog 19-37, a 
yellowish-brown male mongrel. 


-——Urine—— Nitro- 


Weight, Cath., Cage, gen, Remarks 
Date Lbs. C.e. Diet 
Oct. 2 Water ad lib Dog normal 
29 Bladder washed on 25) ¢.c. water 
30 2 340 4.25 2) c.c. water 
3 6 310 4.12 75 ¢.c. oil; 150 e.c. Vomited; Kjeldahl. shows 
water no N in vegetabl oil 
31 Chloroform anesthesia for 1°, hours (2:30-3:45 p. m.) 
Nov. 1 29.38 2 440 6.10 75 ¢.e. Oil; 150 ce, Feces 
water 
2 28.9 12 Soo 7.35 a.m. 75 ee. ofl; 150 ce Vomited in a. m 
water 
p. m. 75 ¢.c. oil; 150 e.« 
water 
3 28.5 ‘ 440 6.02 75 ¢.c. oil; 350 c.c. Feces 
water 
4 28.5 l4 225 5.62 75 ¢.c. Oil; 350 c.c. Feces 
water 
5 28.25 1 230 4.36 75 ¢.c. oil; 350 e.c. Feces 
water 
6 27.75 20 150 3.55 75 e¢.. oil; 350 
water 
7 28.2 5 330 3.89 Hietenccsaeiue Died under anesthesia 


Necropsy Report—Greatly distended heart and congested viscera. Liver 
is quite distinctly dimpled, and lobule centers are red, giving the impression 
of unrepaired injury. 


Microscopic Report—Liver: about one fourth to one third of each lobule 
unrepaired; marked capillary stasis; fatty degeneration involves over three 
fifths of the liver cells. Kidneys: a little pyelonephritis. 

The experiments listed in Table 13 indicate that the liver repair on 
a fat diet is very little better than that on starvation. Experiment 96, 
in which the daily output of nitrogen was determined, shows that the 
cottonseed oil has a definite sparing action on protein. The fact that 
repair was very incomplete in this case, and that there was an enormous 
output of nitrogen immediately following chloroform anesthesia, indi- 
cates that the oil did not actively “fix” much of the necrotic liver split 
products for new protoplasm, but exerted its influence more actively 
on sparing of bodily katabolism after the liver waste was removed. 
These phenomena are, therefore, capable of explanation on dynamic 
grounds alone. \We must not forget, however, that a relatively small 
part of the oil molecule — the glycerol radical — can be made avail- 
able as sugar in the body, and might play a more or less insignificant 
part in tissue building. Mendel and Lewis’? found a delay of nitrogen 
elimination following ingestion of cottonseed oil. Classical metab- 
olism experiments which may be found cited by Lusk,’* Sherman,'* 


12. Mendel, L. B., and Lewis, R. C.: J. Biol. Chem. 16:37, 1913-1914 

13. Lusk, Graham: The Elements of the Science of Nutrition, Ed. 3, W. B. 
Saunders and Company, 1917. 

14. Sherman, H. C.: Chemistry of Food and Nutrition, Ed. 2, The Macmillan 
Company, 1918. 
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and in books on nutrition by other authors, prove that carbohydrate 
cannot be wholly replaced by fat as a protein sparer, when the subject 


is in nitrogen equilibrium. 


TABLE 14.—Liver Receneration on Diets or Liver, Kipney, 


Extract, Brain, AND Powperep THyroip 


Muscie, Beer 


Exper Chior Liver Regeneration Liver 
ment oform Injury Diet Repair Remarks 
Hours 
oF 1 “i day: 1/2 to 3/5 Ground liver ith day: repair Operation on 21 
(Pup necrosis; moder- good; lack of re- day: sacrifice on 
19-45) ate fat over 2/5 generation not 7th day 
exceeding 15; 
trace of fat 
os 1 2d day: slight ne- Ground kidney 7th day: normal Operation on 2! 
(Pup crosis; vacuolated day: operation 
19-56) cells and fat over on 7th day 
” I's 2d day: 1/4 to 1/3 Skeletal musele 7th day: slight lack Operation on 2 
(Dog necrosis: cytoplas- ofrepair: traceof day; operation 
19-6) mic injury up to fat on 7th day; re- 
1/2; very little fat pair better than 
Exper. 93 
100 I, 2d day; 2/5 necro- Skeletal muscle 9th day: about 1/4 Operation on 2 
(Dog sis; moderate fat not repaired; day; operation 
19 28) over 2/3 trace of fat; gly- on 9th day 
cogen + 
101 I'y 2d day: 1/2 necro- Beef extract, (9th day: 13 not Operation on 2 
(Dog sis; moderate fat 10 gm. daily repaired; moder- day; operation 
19-74) over 1/3 ate fat over 1/3 on 9th day 
le l 2d day: 2/5 to 1/2 Brain |7th day: 1/4 not Operation on 2! 
(Dog necrosis; moder- | repaired; trace of day; operation 
19 9) ate fat over 1/3 fat on 7th day 
103 I', Fstimated 12 to Thyroid pow- /7th day: 1/3 not Operation on 7th 
(Dog 35 neerosis; see der, 3 gm. repaired; fat in day 
19-39) Exper. 82 daily large globules 


EXPERIMENT 
female pup. 


over 2/5 


97.—Regeneration on Liver Diet—Dog 19-45, a black mongrel, 


Oct. 8: Chloroform anesthesia for one hour; has been fed a diet of alfalfa 
meal and cracker meal. 


Oct. 10: 
1:45 p. m. 


liver lobule, and fatty 


ing cells. 


Oct. 11: Wt., 8.44 


Wt., 8.38 Ibs. 
Wt., 8.5 Ibs. 


liver, 160 gm., daily. 


Oct. 14: 
Oct. 15: 


Wt., 8.25 Ibs. 


Ground liver, 150 gm. 


Ground liver, 150 gm.; active; not clinically sick. 
Piece of liver removed at 
Sections show necrosis involving one half or three fifths of each 
degeneration of moderate degree involving the remain- 


Ibs.; Oct. 12, wt., 8.25 Ibs.; Oct. 13, wt., 8.3 Ibs.; around 


Ground liver, 140 gm.; wound opening a little. 
Wt., 8.25 Ibs. Sacrificed in a. m. 


Necropsy Report.— Small walled-off abscess beneath abdominal incision. 


Liver: finely dimpled; normal color; necrosis and fat not appaernt. 


Kidneys: 


left shows a couple of small yellowish-white blotches in cortex suggesting 
abscesses; other viscera negative. 

Microscopic Report——Liver: repair is good in most places; some areas show 
lobules not completely regenerated (lack of repair probably not exceeding one 
fifth). Kidneys: a few abscesses at juncture of cortex and medulla. 


ExperiMENtT 98.—Regeneration on Kidney Diet—Pup 19-56, a female col- 
lie pup. 


" 
\ 
| 
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Oct. 16: Wt., 6.63 Ibs. Chloroform anesthesia for one hour (from 10: 30 
to 11:30 a. m.); beef extract for four days previously; kidney, 150 gm., at 
4:30 p. m. 

Oct. 17: Wt., 6.75 Ibs. A little dull; kidney, 150 gm. 

Oct. 18: Wt. 68 Ibs. Kidney, 150 gm. Piece of liver removed at 3 p. m. 
Sections show a minimal injury; very little necrosis, but a cytoplasmic dis- 
turbance, with vacuolization and deposition of fat over one half of each lobule; 
dog almost died under anesthesia. 

Oct. 19: Wt., 68 Ibs.; Oct. 20, wt., 6.75 Ibs.; Oct. 21, wt., 6.9 Ibs.; kidney, 
150 gm. daily; continues bright and active. 

Oct. 22: Wt., 68 Ibs. No food. 

Oct. 23: Wt., 6.63 Ibs. Kidney, 200 gm., early in morning. Piece of liver 
removed at 3 p. m. Sections show a practically normal liver. 

Oct. 24: Pup is up and active, experiment discontinued. Mixed food. 

EXPERIMENT 99.— Regeneration on Lean Meat Diet.— Dog 19-6, a yellow, 
adult male mongrel. 

July 20: Wt., 28.25 Ibs. Chloroform anesthesia for one and a half hours 
(from 9:15 to 10:45 a. m.); saline intravenously during first hour of anes- 
thesia; starvation for three days previous to chloroform. 

July 21: Wt., 26.94 Ibs. Very active; lean meat diet. 

July 22: Wt., 27.13 Ibs. Lean meat diet ad lib. Piece of liver removed at 
11 a. m. Sections show very little fat; actual necrosis of one fourth to one 
third, with severe cytoplasmic reaction up to one half (cells swollen, little 
cytoplasm). 

July 23: Wt., 28.06 Ibs. Very active; wound in good condition; eats 
meat ad lib. 

July 24: Wt., 27.63 Ibs.; July 25, wt., 27.7 Ibs.; July 26, wt., 27.44 Ibs.; 
skeletal muscle ad lib. 

July 27: Wt., 27.44 lbs. Operative wound slightly open. Piece of liver 
removed at 10 a.m. Sections show a slight amount of unrepaired injury with 
central collapse; some vacuolated cells in region of lobule centers; a few fat 
droplets. 


ExperIMENT 100.—Regeneration on Lean Meat.—Dog 19-28, a fox terrier, 
male adult. 

Dec. 21: Wt., 15.8 lbs. Bright and healthy. Chloroform anesthesia for one 
and a quarter hours (from 11:15 to 12:30); casein digest by stomach tube 
a few minutes before anesthesia; skeletal muscle ad lib, in the evening. 

Dec. 22: Wt., 16.2 Ibs. Lean meat ad lib.; eats well; clinically not sick. 

Dec. 23: Wt., 16 lbs. Appears quite well; meat diet. Piece of liver 
removed at 2:30 p. m. Sections show hyaline necrosis involving two fifths 
of each lobule and moderate fatty degeneration involving the remaining liver 
cells. 

Dec. 24: Wt., 15.13 Ibs. A little dull after operation 

Dec. 25 to 27: Meat ad lib.; eats well. 

Dec. 28: Wt., 16.5 lbs. Operative site is swollen and red; chest and pelvic 
regions show purpuric areas; meat ad lib.; eats well. 

Dec. 29: Wt., 16.13 Ibs. Wound looks bad but is not open; meat as before. 

Dec. 30: Wt., 16.44 Ibs. Wound somewhat better; meat taken all right. 
Piece of livew removed at 1:30 p. m. Sections show a little fat and central 
collapse of perhaps one fourth; glycogen ++; experiment discontinued; 
mixed food. 

EXPERIMENT 91.—Regeneration on Beef Extract—Dog 19-74, a young, black 
and white male terrier. 

Dec. 7: Wt., 11.8 Ibs. Chloroform anesthesia for one and a quarter hours; 
fourth day of starvation. 

Dec. 9: Wt., 11.06 Ibs. Active. Piece of liver removed in p. m.; bled 
freely. Sections show necrosis involving one half of each liver lobule and a 
moderate degree of fatty degeneration involving about one third of the lobule. 
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Dec. 10: Wt., 10.94 Ibs.; Dec. 11., wt., 10.7 Ibs.; Dec. 12, wt., 10.5 Ibs. 
Beef extract, 10 gm., + kaolin in 100 ¢.c. water, by stomach tube daily. 

Dec. 13: Wt., 10.44 Ibs. Wound opening superficially; beef extract, 10 gm., 
as before. 

Dec. 14: Wt., 10.25 Ibs.; Dec. 15, wt., 10 Ibs.; weak and thin; beef extract, 
10 gm., daily. 

Dec. 16: Wt., 9.94 lbs. Beef extract, 10 gm., in a. m. Piece of liver 
removed at 2:15 p. m. Sections show a collapse and lack of repair involving 
the central one third of each liver lobule; there is moderate fatty degeneration 
involving one third of the lobule. Mixed food and recovery. 


ExpertMENT 102.—RKegeneration on Brain—Dog 19-92, an adult male terrier. 

Dec. 25: Isolated for starvation; active. 

Dec. 26 to 27: Fasting. 

Dec. 28: Wt., 18.63 Ibs. Somewhat thin, but active. Chloroform anesthesia 
for one hour (from 11 to 12); brain, 200 gm. in p. m. 

Dec. 29: Wt., 18.63 Ibs. Active; brain, 200 gm. 

Dec. 30: Wt., 17.9 lbs. Weak. Piece of liver removed at 3:45 p. m. 
Sections show hyaline necrosis involving from two fifths to one half of each 
liver lobule, and fatty degeneration involving the midzone (one third in 
amount); ate 300 gm. brain late in evening. 

Dec. 31: Wt., 17.9 lbs. Sick; brain, 200 gm., eaten. 

Jan. 1, 1919: Wt. 17.38 Ibs. Brighter than yesterday; ate 300 gm. brain. 
Jan. 2: Wt., 17 Ibs. Brain ad lib.; ate 330 gm. 
Jan. 3: Wt. 16.5 Ibs. Brain ad lib.; ate about 250 gm. 

Jan. 4: We. 15.75 Ibs. Mixed food. Piece of liver removed at 11:30 a. m. 
Sections show collapse and lack of repair involving the central one fourth of 
each liver lobule. There is a trace of fatty degeneration 


Experiment 103.—Liver Regeneration on Thyroid Feeding—Dog 19-39, a 
female Airdale. 


——Urine——_ Nitro- 


Weight, Cath., Cage, gen, Remarks 
Date Lbs Gm. Diet 
Nov. 23 27.38 ‘ oe icine Water ad lib Dog normal 
%.25 Bladder washed .... 300 ¢.c. water Feces + +" 
25 ” 2.41 2) ¢.c. water 
al) 25.06 2 375 2.06 300 ¢.c. water 
2% Chloroform anesthesia for 14 hours (10:00-11:15 a. m.) 
27 23.63 &S 450 3.50 300 ¢.c. water; 3 gm. Feces +: thyroid con- 
powdered thyroid tains 126 mg. N per 
gram 
28 23.0 b= 4 385 4.48 300 c.c. water; 3 gm. See control Exper. 82, 
powdered thyroid same dog; 1/2 to 3/5 
necrosis 
29 22.6 18 355 3.86 300 ¢.c. water; 3 gm. 
powdered thyroid 
30 22.2 10 300 3.09 300 ¢.c. water; 3 gm. 
powdered thyroid 
Dec. 1 21.56 18 340 3.37 300 ¢.c. water; 3 gm. 
powdered thyroid 
2 21.38 4 200 3.68 300 c.c. water; 3 gm. 
powdered thyroid 
21.13 1 275 3.71 Water adi lib. Metabolism diseon 


tinued; mixed food 


% Piece of liver removed at 3 p. m.; 1/3 unrepaired; fat over 2/5 


Experiment 97 shows a very good regeneration on liver diet and 
the initial injury was almost maximal. Experiment 98 shows com- 
plete repair on kidney diet, but in this case the initial injury was slight. 
Both of these experiments were on pups, and age may be a definite 


factor in repair. 
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Experiments 99 and 100, using skeletal muscle as reparative diet, 
indicate a good regeneration, although probably not as thorough as 
would have occurred with a high carbohydrate or a mixed diet intake 
(such as bread and skim milk). 

Experiment 101 shows very imperfect repair on beef extract 
feeding, which would indicate that fairly liberal amounts of extractives 
alone are not conducive to active repair. It will be recalled (Paper | 
of this series) that beef extract gave very good protection against 
chloroform injury when fed before the anesthetic. 

Brain diet (Experiment 102) seems to equal skeletal muscle in 
reparative efficiency and to be distinctly better than the fats. The 
striking difference between brain and fat diets deserves further 
investigation. 

Thyroid feeding alone (Experiment 103, Dog 19-39) certainly does 
not stimulate liver repair. Reference to the nitrogen curve of this 
animal reveals a sustained high output during the experiment. This 
seems to indicate a stimulated katabolic activity, and probably a dele- 
terious or destructive rather than a reparative action on the injured 
organ. The thyroid used was an Armour preparation, and had previ- 
ously been shown by Dr. Rohde to increase greatly the nitrogen 
metabolism in normal animals in the dosage here employed."* 


GENERAL DISCUSSION 

It is clear from the experimental data given that liver regeneration 
can be completed more rapidly on a diet rich in carbohydrate than on 
a very rich protein diet. This applies to mixed diets like bread and 
skim milk as contrasted with lean meat diets. We wish to point out a 
decided difference in liver regeneration as compared with serum pro- 
tein regeneration. Kerr, Hurwitz and Whipple’: found that serum 
proteins, after a considerable depletion, were regenerated best on a 
rich protein diet, for example, meat. It is possible that the differences 
noted may be explained by inherent differences in the proteins which 
are being formed with unusual speed in the body. Certain foods may 
contain ingredients especially suited to construct a certain type of 
body protein but unsuited for another type of body protein. It is sig- 
nificant that the abundant mixed diet gives an optimum regeneration 
in such instances. 

The difference in regenerative power between the parenchymatous 
organs and ordinary skeletal muscle here noted may be only apparent. 
Pups were regenerated on liver and kidney, while adults were fed the 
muscle; there is a possible difference due to age. On the other hand, 
liver may be better than muscle, because chemically more nearly the 


15. Rohde, A.: J. Biol. Chem., 1919. To be published. 
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equivalent of the tissue which is regenerated. We have shown 
(Paper I of this series) that the parenchymatous organs are more 
protective against chloroform injury than skeletal muscle when fed 
during the days preceding anesthesia. 

Thyroid may accelerate synthesis when given in small amounts 
with foods, as Janney suggested, but in the experiment here presented 
it was given in large quantities with no food, and we observed the 
well known action of increased metabolism, with a continued high 
nitrogen output, and no increase in liver repair. 

The lack of repair on a fat diet is certainly quite striking when 
compared to the results with carbohydrates, proteins and mixtures of 
the two. Fat under these experimental conditions has a very minor 
role in tissue building, and apparently is limited to its dynamic func- 
tion as a fuel in protein sparing. 


SUMMARY 


A diet of bread and skim milk gives the optimum repair following 
a unit chloroform liver necrosis. A similar reaction is to be expected 
with any mixed diet rich in carbohydrate. A liver necrosis involving 
the central one-half of every lobule (50 per cent. of all liver paren- 
chyma) will usually be completely repaired in from seven to nine days. 

A diet of cooked skeletal muscle is not as favorable for rapid 
liver repair as the rich carbohydrate diet. 

A diet of cooked liver or kidney is more favorable for rapid liver 
repair than a meat diet. This diet of parenchymatous organ tissue 
approximates the rich carbohydrate diet in efficiency of liver repair. 

Beef extract given alone does not favor liver repair, which indi- 
cates that meat extractives are not particularly concerned in the reac- 
tion of liver repair. ‘ 

Thyroid powder given in large doses with no food does not stimu- 
iate liver repair, but does accelerate tissue katabolism and increase 
nitrogen elimination. This accelerated katabolism may even impede 
the liver repair which is to be expected in starvation. 

Brain feeding is favorable to liver regeneration and repair. This 
diet approximates lean meat feeding in its favorable influence on liver 
repair. In this respect the brain diet stands in marked contrast to 
the fat diets. 

Fat diets (vegetable oils, butter, lard, beef fat, etc.) do not aid in 
liver regeneration. The same repair is to be observed during fasting 
control periods. The fat diet can spare the proteins of the animal 
at the source, but cannot act in conservation of protein material by 
taking an active part in reconstruction of new protein substance. 


NONEPIDEMIC “EPIDEMIC” MENINGITIS * 


GEORGE H. BIGELOW, M.D. 
Captain, M. C., U. S. Army 
BOSTON 


INTRODUCTION 


Most textbooks define meningitis (in this paper the term “menin- 
gitis” will be used to denote only meningococcus meningitis) as “an 
infectious disease, occurring sporadically and in epidemics ¥ 


The name “cerebrospinal fever” is now commonly found in the litera- 


ture. But since “epidemic cerebrospinal fever” and “epidemic menin- 
gitis” are terms so firmly embedded in the professional as well as the 
lay mind, the epidemic character of this disease is emphasized out of 
all proportion to its sporadic manifestations. 

Epidemics are concomitants of crowding. Both Osler’ and 
Rosenau* emphasize crowding in association with meningitis. “The 
concentration of individuals, as of troops in large barracks, is a special 
factor; recruits and young soldiers are specially liable.” ' “Cerebro- 
spinal fever is a disease of infants and soldiers. . . . Crowding 
and close personal contact favor the spread of the infection. : 
The disease prevails especially in the winter and spring, and is spread 
mainly by healthy ‘carriers.’ Crowding is the chief hygienic factor 
for its spread among troops.” * Among soldiers, therefore, it is the 
epidemic and not the sporadic element that is emphasized. 

In the treatment of meningitis, immune serum is considered by 
many a specific for the reduction of mortality. Havard,* for example, 
says: “This serum has reduced the mortality from 73 to 25 per cent. 
in adults, and less than 20 per cent. in children.” Flexner* emphasizes 
the necessity of using a potent serum, the potency being estimated by 
titration, and insists that this serum be given early, in appreciable 
amounts, and at frequent intervals. Given these factors, he concludes 
(p. 27) from a considerable number of statistics, among them detailed 
studies in Texas and Louisiana, that the mortality may be reduced over 
50 per cent. by the use of the serum. 

*From the Base Laboratory, Hospital Center, Allery, Saone et Loire, 
France. 

1. Osler: Principles and Practice of Medicine, 1918, p. 109. 

2. Rosenau: Preventive Medicine and Hygiene, 1918, p. 1260. 

3. Havard: Military Hygiene, 1917, p. 91. 

4. Flexner: Mode of Infection, Means of Prevention and Specific Treat- 
ment of Epidemic Meningitis, Monograph, from the Rockefeller Institute for 
Medical Research, 1917, p. 15. 
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BIGELOW —MENINGITIS 


The series in this paper is studied with especial reference to the 
cpidemic manifestations of meningitis and its amenability to treatment 
with serum. 

EPIDEMIOLOGY 


Up to Jan. 1, 1919, there had been eighteen cases of meningitis 
at this center. During this period of three months and a half there 
were 29,196 admissions and more than 2,000 personnel here, giving 
an incidence of meningitis of 0.56 per thousand. The first case 
occurred about Sept. 17, 1918. The exact date is not in our records, 
since this case was handled by one of the unit laboratories. 

The first point to be considered is the introduction of the organism 
at this center. There were four cases in which the diagnosis was 
made within a very short time after their arrival here. The patient, 
Case 2 (Chart 1) had been sick on the transport and at Brest some- 
thing over a week before arriving at camp. There was no meningitis 
on the boat and the trip across the Atlantic took sixteen days. The 
patient shared a stateroom with another officer previously reported as 
a meningitis carrier in the States. This carrier had been held for 
three negative cultures, and, according to his own story, had kept up 
a rather vigorous treatment with dichloramin-T even after release. 
However, his supply of dichloramin-T gave out on the boat and he 
was forced to desist from spraying. As soon as the diagnosis on 
Case 2 was made here, the unfortunate roommate was again quaran- 
tined as a possible carrier. Repeated nasopharyngeal cultures, how- 
ever, did not confirm this. Cases 4 and 7 were diagnosed the fourth 
day after arrival, and Case 14 on the second day. The admission 
diagnosis in this last case was “influenza,” but in the other two the 
admission diagnoses could not be ascertained. Twelve of the other 
cases were in the center from six days to four months previous to 
diagnosis. In two cases the length of time here could not be deter- 
mined. It is probable, then, that four cases at least, Cases 2, 4, 7 and 
14, were infected outside of the center and may be responsible for 
introducing a certain amount of the infection here. 

The introduction of the infection by carriers must be considered. 
The only individual known to have been a meningitis carrier previously 
was not found to be one here. No cultures were taken before the 
occurrence of the first cases, and then only on contacts, so that all the 
carriers found may well have become infected from the cases. This 
theory is further borne out by the fact that no chronic carriers were 
discovered. By chronic carriers is commonly meant individuals who 
harbor the organism over a period of months and occasionally indefi- 


nitely. Some authors place the burden of infection on such carriers, 
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claiming to find one or more among the contacts of each case. The 
most persistent carrier here cleared up in a little over a month, It ts 
reasonable to assume, then, that carriers were infected by cases, rather 
than the reverse. There was no known case of meningitis in the 
immediate civil population. 

Once the organism had been introduced, the spread from ca-e to 
case directly or by carriers was investigated. The lack of any apparent 
relation between the various cases as they developed, was at once very 
striking, and is shown on Chait 2. This might almost be a chart of 
any noncontagious disease rather than of a disease spread by direct 
contact, in which case localized foci of infection are likely to appear. 
This lack of localized foci is even more surprising when the extreme 
crowding throughout the center is considered. The curve on Chart 1 
shows the daily number of patients in the hospital. During the 
October and early November drive, the curve rose rapidly until at 
the signing of the armistice, November 11, it reached its height, with 
a total of 17,250 patients. Including a personnel of about 2,000, 
there were roughly 20,000 individuals at the center. Designed as a 
10,000 bed center, crowding was unavoidable. Expansion tentage was 
slow in arriving, so that seventy beds were crowded into wards 
intended for fifty, with only a narrow space between every second bed. 
Red Cross huts and all available barracks were utilized. It would 
have been physically impossible to make use of the “spacing out” 
recommended by Glover,* as a preventive of an epidemic of meningitis. 
Thus the stage was all set for an epidemic, and with the discovery of 
seven cases (Cases 9 to 15, inclusive) in an interval of twelve days, 
it was feared that it had actually begun. But aside from culturing 
contacts, in most cases only those immediately exposed, and isolating 
the positive carriers discovered, nothing was done, such as following 
the carrier index, wholesale masking, etc. Yet it was three weeks 
before the next case developed. Certainly meningitis here could not 
be termed “epidemic.” 

Association between cases was extremely rare, Cases 6 and 8 
showing the closest of any. Case 6 developed in Base Hospital 56-A 
and was sent to the observation ward in Base Hospital 56, where the 
diagnosis of meningitis was made after a three-hours’ stay. The 
patient was moved to the meningitis ward. Case 8 had already been 
in this ward for one day when Case 6 arrived, and was diagnosed 
meningitis five days later. In the observation ward all patients were 
kept in bed, all beds cubicled and all attendants masked. The effective- 


5. Glover: “Spacing-Out” in Prevention of Military Epidemics of Cerebro- 
spinal Fever, Brit. M. J. 2:509 (Nov. 9) 1918. 
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ness of the individual quarantine is suggested by the fact that when 
the ward was cultured on the day that Case 6 was diagnosed, no 
carriers were found. The two cases were on opposite sides of the 
aisle and three beds apart. There was no known direct contact. Cases 
9 and 10, Base Hospital 25, occurring on the same day, were never 
together so far as is known, not having been in the same ward. The 
same was true of Cases 16 and 18 in Base Hospital 97, except that, 
instead of developing on the same day, there was an interval of sixteen 
days between them. Base Hospitals 56 and 49 had Cases 7 and 8, 
and 4 and 5, respectively, but with no demonstrable association 
Though no authors attempt to state definitely the incubation period 
of meningitis, eighteen to eighty-three days, the interval elapsing 
between all other cases occurring in the same section, seems a con- 
siderable time to suggest a direct droplet infection between cases 


Direct droplet infection from cases or carriers is commonly accepted 
as the mode of infection in this disease* (p. 4). That an individual may 
harbor the organism in his nasopharynx for an indefinite time until 


“prepared field,” “lowered vitality,” or “increased susceptibility,” 
develops, before coming down with the disease, is theoretically possible. 
But it seems reasonable to assume that a person who is susceptible to 
meningitis is more likely to come down with the disease during the 
first few weeks that he is harboring the organism in his nasopharynx, 
than afterwards. This is borne out by the fact that it is so extremely 
rare for a known carrier to come down with meningitis. 

An effort to demonstrate the relation between the cases was also 
made by determining the type of the meningococcus in each case. 
This is discussed more in detail under Bacteriology. The results, 
though not entirely satisfactory, show that the meningococci found 
were of two or more types. 

With each new case a number of contacts were cultured, varying 
from 2 to 216. Chart 1 shows the number of contacts cultured and 
the number of carriers discovered. Of all, 2.1 per cent. were positive. 
As far as control was concerned, it made no difference whether a 
whole ward, a whole organization, or only the immediate bed mates 
were cultured. There was no evidence of a carrier spreading the 
disease from one case to another, neither did any known carrier come 
down with the disease. This was precisely the experience in Texas 
where, in the winter of 1917-1918, in the department laboratory. 
wholesale culturing of company streets, train loads of recruits and 
even larger units was abandoned and attention was confined to the 
immediate tentmates of the patients, with certainly no increase in the 
incidence of meningitis. So here, wholesale culturing was discarded 
and attention was focussed on those immediately exposed. But at 


. 
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times our efforts at selective culturing met with some opposition from 
the clinicians. As with diphtheria,® so with meningitis, the conclusions 
were that wholesale culturing gave a false sense of security, and con- 
sumed valuable time, materials, and effort, which might much better 
be used elsew'iere so far as controlling the spread of meningitis was 
concerned.° 


BACTERIOLOGY 


It was early seen that the type of organism in each case would be 
of interest in its relation to epidemiology, since if two cases showed 
different types of meningococci in the spinal fluids, all possibility of 
cross infection would be ruled out at once. So, because of the striking 
isolation of practically every case from all others, it was felt that the 
organisms in many of the cases might well be of different types. 

In order to type the meningococci in each case it was, of course, 
necessary to obtain a culture of the organism. For this purpose whole 
brain medium was used, prepared as follows: 

Human brain, being available because of frequent necropsies (in the States, 
beef brain gave equally good results), was cut with a cork borer or potato 
punch, and a cylinder about 4 cm. long was put in each test tube. This was 
autoclaved for thirty minutes at from 12 to 15 pounds, and was ready for 
use. These tubes were sent out when a puncture was to be made, and 10 or 
15 drops of spinal fluid were added directly at the bedside. Ward surgeons 
were urged not to “flood” the tubes. Another brain tube was planted with 
about 0.5 c.c. of spinal fluid as soon as the material reached the laboratory 
3oth tubes were put in the incubator at once to prevent chilling. However, 
the meningococcus seems to be less susceptible to variations of temperature 
than one is at times led to suppose. Frequently there was considerable delay 
in transmitting the specimens to the laboratory with no effort at keeping the 
material at body temperature, yet the organisms were not killed as shown 
by the abundant growth on the medium the next morning 

That the brain medium is of service in cases where the diagnosis 
was questionable, is well demonstrated in Case 10. The patient had 
been ailing for a week with vague symptoms before he was tapped 
The fluid showed: “18 c.c. of clear, slightly greenish fluid, cell count 
36 per c.mm., 60 per cent. dymorphonuclears; Nonne negative, 
albumin faintly positive ; no organisms seen on smear; more suggestive 
of tuberculous meningitis than of meningococcus meningitis, though 
the findings are not conclusive.” The next morning, smear from the 
brain medium showed abundant gram-negative diplococci which 
proved to be meningococci on agglutination. That it is an excellent 
medium for keeping meningococcus stocks is shown by the fact that 
after ten weeks without transplantation cultures were still alive. This 


6. Meyer, Voltmann, Furst and Grieber: Miinchen. med. Wehnschr., July 26, 
1910. Quoted by Rosenau: Preventive Medicine and Hygiene, 1918, p. 168. 
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medium was used in the States by Major F. P. Gay with excellent 
results. 

A brain medium is described in a letter from the director of labo- 
ratories.’ This consists of brain run through a meat grinder to which 
is added titered broth or distilled water. Here, however, whole brain 
medium was still used, for the following reasons: (1) It had already 
given satisfactory results over a considerable period of time. (2) It 
was felt that brain, to a certain extent, might prove a selective medium 
for the meningococcus. In this case it would be an advantage to use 
the tissue as unadu!terated as possible. The addition of broth, for 
example, would be certain to diminish any selectivity there might be. 
Some limited work on brain plates was inconclusive on this point. 
(3) The whole brain medium is much drier than the medium recom- 
mended in the letter, and gives a better surface for growth than the 
“mush” of the latter. Thus, in the whole brain tubes an appreciable 
amount of spinal fluid may be added without “flooding” the tube. 
(4) The whole brain is simpler to prepare, requiring only brain tissue, 
test tubes, and an autoclave. Neither titration nor distilled water is 
necessary. Thus, it can be made in a few hours in laboratories where 
the equipment is very elementary. 

Transplants were made from the brain medium on laked human 
blood glucose agar slants. Human blood was laked in two to three 


parts of sterile distilled water. To 1 per cent. glucose agar slants, 
neutral to phenolphthalein before autoclaving, 0.25 to 0.50 of 1 c.c. of 
this lake was added. Later, agar that was 0.3 per cent. acid to phenol- 
phthalein previous to autoclaving was used, with apparently equally 


satisfactory results. Transplants were made from these slants onto 
serum-free agar. On this medium some strains grew well at once; 
some grew at first feebly, but later with considerable abundarce ; and 
some refused to grow at all. After from twelve to sixteen hours’ 
incubation, the growth on the laked blood tubes was washed down and 
agglutinated. The agglutination was repeated on those strains that 
gave a growth on serum-free mediums. 

Varying polyvalent serums were furnished for therapeutic use. 
Those on hand were run against most of the strains to determine 
which gave the highest agglutination titer against the particular 
organism, and therefore might reasonably be supposed to be of the 
greatest therapeutic value. Since at first no monovalent type menin- 
gococcus serums were available, it was felt that the titer of a given 
organism against a number of polyvalent serums might furnish some 


7. Office Letter No. 30; Division of Laboratories and Infectious Diseases, 
Jan. 7, 1918. 
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information as to whether these strains were of the same or of differ- 
ent types. The results are shown on Chart 3. Toward the last of 
October, Rockefeller normal and parameningococcus serums were 
obtained and, since the first of January, some Pasteur Types A, B 
and C. By this time, unfortunately, many of the stocks had been 
lost by contamination. From the first, molds were extremely annoy- 
ing at this laboratory, spoiling many stock cultures. This was prob- 
ably due to the character of the light frame buildings. 

Agglutinations were set up in dilutions of serum running from 
1:50 to 1:200, and sometimes higher, with a normal horse serum 
control diluted 1:50. Tubes were read after sixteen hours at 55 C. 
Later, some agglutinations were run according to a method kindly 
demonstrated to us by Dr. Charles Nicolle, at Pasteur Institute.* 
To 1 cc. of a relatively light suspension of organisms (1 cgm. of 
growth in 20 c.c. of normal salt solution) is added 0.05 c.c. of undi- 
luted serum. The tubes are agitated with considerable violence from 
one to five minutes and the agglutinations read. This is of particular 
value in rapid type determination, rather than for quantitative 
titrations. 

Of the nine strains tested with monovalent Rockefeller serum, six 
were normal meningococcus and three were neither normal nor para- 
meningococcus. Case 15 (Chart 3) agglutinated with Pasteur B, and 
Rockefeller normal serums. Cases 17 and 18 showed Pasteur B in 
the throat during convalescence; and in the spinal fluid, Pasteur B 
and Rockefeller normal. As to the polyvalent serums, Lederle, 
Rockefeller and Squibb gave fairly consistent agglutinations. Mul- 
ford’s serum gave an agglutination of 1: 200 with five, and no agglu- 
tination at 1:50 with six of the strains tested. So Mulford’s serum 
was used only when no other was available. But as far as drawing 
any definite conclusions as to variations in type from agglutinations 
with a number of polyvalent serums alone, the results were unsatis- 
factory. Such variations as are found in the agglutinations with 
normal and polyvalent Rockefeller serums in Cases 8, 15, 17 and 18, 
for example, are difficult to explain, since a uniform technic was used. 

The West® tubes were not used for nasopharyngeal cultures. In 
the first place, until very recently, neither sufficient glass tubing nor 
copper wire were available. In the second place, experience in the 
States showed that it was very difficult to have tubes, in large quan- 
tities, properly bent, and that they were extremely cumbersome to 

8. Nicolle, Dedains and Jouan: Etudes sur des meningocoques et les serums 
antimeningococciques (Premier Memoire),. Ann. de I'Inst. Pasteur 32: (April) 


1918. 
9. West: Proc. Roy. Soc. Med., Otol. Sect. 4:43, 1910-1911 
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manipulate. Also that they might not serve the purpose for which 
they were intended; for the function of the glass tubing is to prevent 
contamination of the swab. During the introduction of the tube into 
the mouth, the end of the glass may become contaminated with saliva. 
For this reason it was recommended that during the removal of the 
tube from the mouth, the swab should not be drawn back into the tube ; 
lest by so doing it also becomes contaminated with the saliva. But 
the danger of such contamination is no greater during the withdrawal 
of the swab than during its projection. Besides, it was very difficult 
to be sure that the tube was well behind the soft palate without touch- 
ing the posterior pharyngeal wall, thus inducing gagging even before 
the projection of the swab. The following method, which was adopted 
here, was suggested by Major F. P. Gay at the department laboratory, 
Fort Sam Houston, Texas. Stout wire, similar to that which is used 
to bale hay, is cut into pieces about 20 cm. long, and a centimeter and 
a half at one end is bent at a little less than a right angle. This is 
wound with cotton similar to the West tube swab, except that, if the 
wire is slightly rusted, the end need not be hooked in order to hold 
the cotton firmly. In taking the culture, a tongue depressor or spoon 
is necessary. The swab is introduced horizontally. When back of the 
uvula, the bent end is turned up into the nasopharynx and the swab 
wiped rapidly down the posterior pharyngeal wall during withdrawal, 
at which time gagging may occur. The tongue blades may be recovered 
by boiling and drying in the hot air sterilizer. The swabs are burnt 
off in the flame of a gasoline torch, rewound, wrapped in paper in 
bundles of any convenient number and resterilized. This is obviously 
much more economical in time and materials than blowing glass, 
annealing copper wire, plugging, sterilizing and cleaning West tubes. 
Also a much clearer view of the pharynx is obtained, and gagging, 
when it occurs, takes place after rather than before swabbing. 
Nasopharyngeal swabs were inoculated on human laked blood agar 
plates similar to the slants previously described, except that 0.5 c.c. 
of the lake was added to each plate. One, two, and sometimes three 
swabs were put on a plate, according to the pressure of work and the 
availability of supplies. The plates were kept warm during transporta- 
tion to the laboratory by means of warm bricks. At the laboratory 
the inoculated spot, which was always over the blue pencil identification 
number, was streaked out with a nichrome wire and the plates incu- 
bated over night. The next morning suspicious colonies were fished 
into the fluid medium recommended by Olitsky (horse serum plus 
broth 1:50) incubated and agglutinated directly in the tube with 
polyvalent serum. Later this method was discontinued and colonies 
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were inoculated on to human blood slants, incubated. washed down 
and agglutinated. 


SERUM THERAPY 


Our mortality in eighteen cases of meningococcus meningit:s was 
6623 per cent. Patient 3 died on the ninth day of the disease when 
apparently convalescent. Necropsy showed marked bronchopneu- 
monia with the meningitis in the recrudescent stage. This mortality 
is more like that given by Flexner* before serum therapy was instituted. 
In the same paper Flexner emphasizes the fact that serum therapy 
may fall into disrepute, if inert serums are used, and urges the need 
of standardization of commercial serums. For this the agglutination 
titer of the serum is recommended as a standard. The test bleedings 
should give a titer of 1: 200 or higher “for the main normal and para 
types and for the several intermediate varieties used for inoculation” 
(p. 15). In this series, eight of the patients received a serum, the titer 
of which was 1: 200, or higher, for the organism recovered in each case. 
Each of these patients received an average of 278 c.c. intraspinally, and 
191 ¢.c. intravenously. Five of the eight patients died, giving a mor- 
tality of 62.5 per cent. The mortality among the other ten cases was 
70 per cent. Of these ten, the titer of the serum used in one-half of 
the cases was less than 1: 200, and in the other half it was not deter- 
mined. With such small figures the difference between 62.5 and 70 per 
cent. is not appreciable and raises the question as to the efficacy of 
the agglutination titer as a criterion of the therapeutic value of a serum. 

Lieut. Bradford F. Dearing, Base Hospital 56, was in charge of all 
the cases except the first five and Case 10. His method, usually was 
to give three injections of serum during the first twenty-four hours 
and after that one every twelve hours, both intrathecally and intra- 


venously, till all symptoms disappeared. For the next few days he 


gave one intraspinal injection every twenty-four hours. There never 
was more than a slight margin of safety in the supply of serum. At 
one time it was so difficult to obtain that a special order was issued 
forbidding intravenous treatment except with the consent of the chief 
of the medical service and the medical consultant. This made it 
impossible to separate the patients into groups and try exclusively 
one type of serum on each group. Most of the patients received two 
and some even four kinds of polyvalent serum. The total amounts of 
each serum used were Squibb 5,045 c.c., Lederle 2,460 c.c., Pasteur 
1,280 c.c., Mulford 1,170 c.c., Parke, Davis & Co. 210 c.c., Rockefeller 
150 c.c., giving an aggregate of 10,215 c.c., or an average of 573 c.c. 
per patient. With the exception of Cases 2 and 17, which were 
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extremely insidious’ in onset, all cases received their first administra- 
tion of serum from the first to the fifth day after the onset of 
symptoms. 

All patients but one (Case 5) that died, were necropsied. No case 
showed any appreciable ventricular dilatation or other evidence of 
obstruction to the circulation of spinal fluid which would help to 
account for the poor results. Certainly the treatment was sufficiently 
energetic, both in frequency and in amount of serum administered, to 
have given a better mortality. 

It was of considerable interest from a clinical standpoint that five, 
or 27.7 per cent. of the patients showed purpura. Only one of these 
recovered. The purpura varied from the marked blotchy type in 
Case 5, in which the patient died within forty-eight hours after onset, 
to the small pinhead sized hemorrhages in Case 18, in which the patient 
recovered. Of these five, two showed normal meningococci, one 
showed neither normal nor parameningococcus, and two were not 
typed. Netter and Mozer’’ note an increase in purpura among menin- 
gococcus meningitis cases to 29.7 per cent. recently, as compared with 
2.7 per cent. in a series running from 1908 to 1914. 

Finally, then, the cases in this series received considerable amounts 
of serum fairly early and at frequent intervals, and without any 
apparent parallelism between mortality and the titer of the serum 
used. If the titer is an index of the efficiency of a serum, one cannot 
account for the appalling mortality in this series. 


CONCLUSIONS 


1. Several of the early cases were evidently infected on arrival at 
this center. 

2. There was absolutely no demonstrable intimate association 
between any two of the cases. 

3. The cases were caused by at least two different types of menin- 
gococcus. 

4. Due to the occurrence of ten cases at the time of extreme crowd- 
ing, the stage was set for an epidemic of meningitis. No such epidemic 
developed. 

5. Wholesale culturing has no influence in controlling the spread 
of meningitis. 

6. The “naked” wire swab and tongue depressor are more satis- 
factory for nasopharyngeal cultures than the West tube. 


10. Netter and Mozer: Meningococcus Purpura, Bull. Soc. méd. d. hdp., 
Paris 42:773 (July 19) 1918. 
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7. Whole brain medium is excellent for growing meningococcus, 
especially from the spinal fluid in cases of diagnostic difficulty, and 
for preserving stock cultures. 

8. Most of the therapeutic serums gave a fair titer against most of 
the strains of meningococci recovered. 

9. Since considerable amounts of serum were administered fairly 
early, both intraspinally and intrathecally and at frequent intervals, 
and if the titer of a serum is an index of its therapeutic value, then the 
extremely high mortality of this series is hard to explain. 

10. Finally, the result of the studies in this small series of cases 
bears out the idea expressed in the title of this paper; namely, that this 
disease here was a nonepidemic “epidemic” meningitis. 
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In camp before diagnosis: Cases 2, 4, 7 and 14 were at the Center four 
days or less before meningitis was diagnosed. All others were here from 
six days to four months before the diagnosis, except cases 1 and 6 where the 
time could not be ascertained. 

Location at onset: No hospital or section furnished more than three cases. 
In other words, no “focus” furnished more than 16.6 per cent. of the cases. 
The possibility of a “focus” was further eliminated by the element of time 
lapsing between cases and the lack of any obtainable evidence of association 
between the cases not separated by time. 

Date of diagnosis: The cases here divide themselves into four groups by 
months as is shown graphically in Chart 1. The exact date of diagnosis of 
Case 1 could not be obtained. 

Date of death: Six out of eighteen cases recovered. 

Purpura: Four of the five cases showing purpura died. 

Type and amount of serum used: The total amount of serum given intra- 
spinally was 6,005 c.c., or an average of 333 c.c. per case; intravenously 4,500 
c.c., or an average of 281 c.c. per case (cases 14 and 15) receiving no intra- 
venous serum hecause of the special order forbidding it; and 45 c.c. sub- 
cutaneously. From one to four serums were used in each case. Squibb’s was 
the only serum used exclusively on any case. 

Agglutinations—Polyvalent: The Leder'e serum used for agglutination was 
marked 56H78-H; the Mulford A332929; the Rockefeller, April 26, 1918, except 
when marked (*) when Jan. 10, 1918, was used; and the Squibb 11862 except 
when marked (*) when 11635 was used. A zero in the agglutination column; 
means that the organism did not ceme down at 1:50. No lower dilutions 


were run. 

Monovalent: The normal anc parameningococcus serums were obtained 
at the Rockefeller Institute, New York, in June, 1918; types A, B and C, at 
the Pasteur Institute in January, 1919. Of the nine strains run, six were 
normal and none were parameningococci. Three came down with Pasteur B. 
Cases 17 and 18 showed this type in the nasopharynx as well as the spinal fluid. 
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THE CEREBRAL COMPLICATIONS OF MUMPS 
WITH REPORT OF NINE CASES 


RUSSELL L. HADEN, M.D. (Detrorr) 
Lieutenant, M. C., U. S. Army 


CAMP LEE, VA. 


Mumps is typically a harmless disease. Orchitis, which is the only 
common complication, usually runs a benign course. At times, how- 
ever, other complications may occur which make the course of the 
disease a severe one. Osler mentions the fact that six deaths are 
recorded in the Index-Catalog of the Surgeon-General’s Library as 
having resulted from mumps. Recently other fatal cases have been 
reported. Death, when resulting directly from mumps, is probably 
always due to the cerebral complications. 

The fact that involvement of the central nervous system may occur 
in mumps has long been recognized, the first fatal case having been 
reported in 1758 by Hamilton. Approximately one hundred and fifty 
cases of cerebral complications, exhibiting quite a variety of symptoms, 
have been reported. Acker’ summarized the literature up to 1913 and 
added two cases of his own, one with death and necropsy. The nature 
of the cerebral complications has been much discussed. Before the 
advent of lumbar puncture it was considered as meningismus, but with 
the demonstration of a pleocytosis of the spinal fluid it was looked on 
as a meningitis. In simple mumps, according to Dopter, the spinal 
fluid is normal. 

Many things point to the fact that the fundamental condition is an 
encephalitis and not simply a meningitis. In most cases the cerebral 
symptoms are out of all proportion to the meningeal reaction, as 
evidenced by the pathologic findings in the spinal fluid. The common 


symptoms are high fever, headache, nausea and vomiting. Usually 
there is only slight rigidity of the neck and not a well marked Kernig’s 


sign. Numerous cases occur of undoubted involvement of the cere- 
brum alone, such as Cases 6 and 9 recorded below. In these cases 
there are no definite meningeal signs and no pathologic findings in the 
spinal fluid. Among the symptoms noted in the thirty-one cases 


1. Acker, G. N.: Parotitis Complicated with Meningitis, Am. J. Dis. Child. 
6:399 (Dec.), 1913. 
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reported by Acker were unilateral convulsions, monoplegia, hemiplegia, 
aphasia, speech disturbances, psychosis, disturbances of sensation and 
stupor. Such symptoms point to a true involvement of the brain 
substance. The other predominant symptoms, such as bradycardia, 
headache, vomiting and optic neuritis are probably the direct result of 
increased intracranial pressure. Unfortunately, the spinal fluid find- 
ings are recorded in only three instances. Larkin*® describes two cases 
of cerebral complications subsequent to mumps. One patient had 
paralysis of the left arm and right leg, suggesting an encephalitis. 
The spinal fluid was normal. The few necropsies which have been 
recorded have shown very marked congestion of the brain with only a 
serous meningitis. 

Recently nine cases of mumps with cerebral complications were 
observed in the base hospital at Camp Lee. During the time covered 
by this report, 476 cases of mumps had been admitted to the hospital. 
The patients with complications exhibited a fairly uniform symptom 
complex. Usually, as the parotitis is subsiding, there is a marked rise 
in temperature, with little change in pulse rate, severe headache, nausea 
and vomiting. Often the patient has an orchitis. On examination, 
the patient is dull, answers questions slowly, shows slight stiffness of 
the neck, a suggestive Kernig’s sign and variable reflexes. Lumbar 
puncture shows a clear fluid with a lymphocytosis and under incre? ed 
pressure. I do not believe that the number recorded in this series 
shows the true percentage of cerebral involvement. Often patients 
have been observed with severe headache and fever, sometimes with 
vomiting, occurring in the course of mumps. There are no other 
signs of meningitis and nothing is found elsewhere to account for 
the symptoms. Many such cases are really cases of a mild encephalitis. 
This conclusion is based on the similarity of the symptoms in these 
cases with those seen in cases in which a definite cerebrospinal involve- 
ment is evidenced by the pleocytosis of the spinal fluid and on the 
absence of findings elsewhere to explain the symptoms. No record has 
been kept of the number of such cases. Lumbar puncture has been 
done in a few instances with negative results, except for increased 
pressure. 

A recent report® on 5,756 cases of mumps occurring in an army 
camp does not mention meningitis or encephalitis among the compli- 
cations observed, although mention is made of the fact that nausea, 


2. Larkin, W. R.: Mumps-Meningitis; Report of Two Cases with Necropsy 
Findings, Mil. Surgeon 44:92 (Jan.), 1919. 

3. Radin, M. J.: The Epidemic of Mumps at Camp Wheeler, Arch. Int. Med. 
22:324 (Sept.), 1918. 
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vomiting, pain and tenderness of the testicles have been noted as 
occurring without apparent reason. Many such cases are due to locali- 
zation of the infection in the central nervous system. 


SUMMARY OF Spinat FINDINGS 


Macro- Total 
Pres- scopic White Differential Glob- Cul- Was- 
sure Appear- Blood Count ulin | Sugar Smear ture ser- 
ance Cell mann 

Count 


| 


Case 1— 
First puncture.... .... Clear 2380 Polymorpho- o | .. 0 0 
pnuclears 42%, 
mononu- | 
clears 58% 
Second puncture* .... Clear 400 | Polymorpho- Trace 
nuclears 71%, 
mononu- 
clears 29% 
Third puncture... .... Clear 158 Polymorpho- 0 0 0 
nuclears 37%, 
mononu- 
clears 68% 


Case 2— 
First puncture.... ++ Clear 330 Not done 0 
Second puncture... .... Clear 730 Polymorpho- Trace | 


| 

0 
nuclears 40%, 

| 

| 


0 
0 0 


mononu- 
clears 60% 
Clear 75 Large mono- 0 
nuclears 4%, 
small mono- 
nuclears 96%, 
polymorpho- 
nuclears 0 
. Nor- Clear 220 Small mono- 0 0 
mal nuclears 82%, 
polymorpho- 
nuclears 0, 
large mono- 
nuclears 18% 
| a Clear 67 Large mono- 0 + 0 0 
nuclears 52%, 
small mono- 
nuclears 48%, 
polymorpho- 
nuclears 0 


Case 6— 
First puncture.... +4 Clear 10 Small mono- 9 + kines 0 
nuclears 100% 
Second puncture... ++ Clear 5 Small mono 0 + 0 0 
nuclears 100% 
+ Clear 125 Mononuclears 0 + 0 0 
100% 
Slightly 440 Mononuclears + See 0 
turbid 100% note 
een a Clear 3 Mononuclears 0 + 0 0 0 
100% 


* Ten per cent. antimeningococeus serum given day before. 

+ Colloidal gold reaction 0000000000. 

t Smear showed few gram-positive cocci. No growth could be obtained Rabbits injected 
intraspinally were negative. 

In the cases observed here there was seldom any question as to 
the nature of the infection. In the first case, turberculous meningitis 
was considered, the patient having been admitted with symptoms point- 
ing to a meningitis which had developed before the submaxillary 
swelling was recognized. 

Smears and cultures were made from the spinal fluid in all cases. 
Gram-positive cocci were found in smears from the fluid in Case &. 
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This fluid was turbid when withdrawn. Rabbits were injected intra- 
spinally with a mixture of the fluid and normal horse serum with 
negative results. No growth was obtained from cultures. Gram- 
positive cocci have been described by several observers as the organism 
causing the disease, although Wollstein considers that it is due to a 
filterable virus. 

Lumbar puncture has proven an effectual therapeutic agent. The 
temperature usually falls to normal quickly, and the headache 1s 
relieved following the withdrawal of fluid. 


SUMMARY 

Nine cases of cerebral complications occurring among 476 cases of 
mumps are recorded. 

The cerebral complication is probably mainly an encephalitis instead 
of a meningitis. 

Gram-positive cocci have been demonstrated in the spinal fluid of 
one case. Animal inoculation and culture were negative. 

Lumbar puncture is a most effectual therapeutic measure. 


CASE REPORTS 


Case 1.—A private, 572, Casual Co., aged 36, white, was admitted to the 
hospital Jan. 5, 1919, complaining of fever, headache and vomiting. 

Personal History—He had measles when a child, typhoid fever in 1913, 
and influenza at Camp Upton in 1918. He has never had mumps. The patient 
has been a moderate user of alcohol. 

Present Illness —This began with vomiting and fever. The patient vomited 
intermittently for three days and complained of fever, headache, pain in the 
back, loss of appetite and an unproductive cough. 

Exanzination—The patient did not seem to be in ill health, but his tem- 
perature was 103.4 F., pulse 104, respiration 24. He was a_ well-developed, 
muscular man. There was no eruption on the skin. The heart, lungs and 
abdomen were negative. The patient was rather cyanotic; his head was 
retracted; the neck was slightly rigid and Kernig’s sign was suggestive. Forty 
c.c. of spinal flu'id were removed and 10 c.c. of antimeningococcus serum were 
injected. The spinal fluid contained 230 cells per cubic millimeter. Differential! 
count: polymorphonuclears, 58 per cent.; mononuclears, 42 per cent.; globulin 
negative; smear and culture negative. 

Clinical Course —The following day there was very marked enlargement of 
the submaxillary glands without swelling of the parotids. The patient no longer 
complained of headache or stiffness of the neck, although Kernig’s sign was 
still suggestive. Spinal puncture gave a clear flud with a cell count of 400 
per cubic millimeter. Differential count: polymorphonuclears, 71 per cent.; 
mononuclears, 29 per cent.; globulin and smear, as well as Wassermann test, 
negative. Cultures from the nasopharynx were negative for meningococci on 
two occasions. The temperature ranged between 100 and 102 F., with an 
average pulse of 89, until January 12, when both temperature and _ pulse 
dropped to normal. The submaxillary swelling continued for a week. The 
patient made an uneventful recovery and was discharged to duty. 


Case 2.—A private, Company D, 62d Infantry, aged 25, white, was admitted 
to the hespital Jan. 6, 1919, because of swelling in the face. 
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Personal History —The pat’ent had varicella, pertussis and scarlet fever 
during childhood. 

Present Illness —He became ill on the morning of admission to the hospital 
with soreness and swelling of the jaws. 

Clinical Course —When first seen the patient had swelling of both parotids. 
For the following two days his temperature ranged between 99 and 100 F., 
then it fell to normal and remained so until January 17, when it rose to 
100.2 F. January 18, the temperature was 103 F., with a pulse of 90. He also 
complatned of headache. 

Examination.— There was slight stiffness of the neck with a suggestive 
Kernig’s sign. The white blood cells numbered 15,800. Lumbar puncture gave 
a clear fluid under increased pressure. The spinal flud contained 330 cells 
per cubic millimeter; it was free from globulin; smear and culture were nega- 
tive. January 19, the white blood cells numbered 10,500; blood culture was 
negative. Lumbar puncture gave a clear fluid; 40 cc. of antimeningococcus 
serum were injected intraspinally. The spinal fluid contained 780 cells per 
cubic millimeter. Differential count: polymorphonuclears, 40 per cent.; mono- 
nuclears, 60 per cent.; trace of globulin; smear and culture negative. The 
temperature on this day did not go above 102.2 F. It feil to normal on the 
following day and remained so. Ali symptoms rapidly disappeared and the 
patient was discharged to duty. 


Case 3.—A corporal, Company M., 66th Infantry, aged 24, white, was 
admitted to the hospital Jan. 22, 1919. 

Personal History.—The patient had had measles, pertussis, varicella, pneu 
monia and typhoid in childhood. 

Present Illness—This began the day before admission with pain under 
the left ear. 

Clinical Course —On admission the patient had a swelling of the left parotid. 
The temperature was 101 F., pulse 108, respiration 22. January 26, the right 
submaxillary gland became swollen. January 29, a left sided orchitis devel- 
oped. The temperature rose to 104 F.; pulse 96. 

Examination.—January 30, the patient appeared to be dull, pupils equal 
and active; he had a severe headache for two days. There was no evidence o! 
cran‘al nerve paralysis. The leg could not be extended fully on the flexed 
thigh; knee jerks were diminished; the plantar and abdominal reflexes wer 
present. The Brudzinski sign was negative. Lumbar puncture showed the 
spinal fluid to be under increased pressure. It contained 75 cells per cubic 
millimeter. Differential count: small mononuclears, 96 per cent.; large mono- 
nuclears, 4 per cent.; globulin and smear negative. The leukocyte count was 
8,200. After withdrawal of the spinal fluid the temperature returned to normal 
and all the symptoms rap:dly disappeared. The patient was discharged to duty 
February 8. 

Case 4.—A private, Company D, Eighth Ammunition Train, aged 22, white, 
was admitted to the hospital Jan. 25, 1919. 

Personal History—He had measles and rheumatic fever seven years ago. 

Present Illness—This began with soreness and swelling behind the angle 
of the jaws two days before admission. 

Clinical Course.--The patient evidently had a bilateral parotitis. His tem- 
perature was 99 F., pulse 70. January 25, he began to have headache and 
developed a slight swelling and tenderness of the right testicle. January 31, 
a slight stiffness of the neck was noted; there was no Kernig’s sign or an; 
other symptom. Lumbar puncture gave a clear flud under normal pressure 
containing 220 cells per cubic millineter. Differential count: small mono- 
nuclears, 82 per cent.; large mononuclears, 18 per cent.; globulin and smear 
negative. The urine was likewise negatve. The temperature at this time 
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was 103 F., pulse 74, respiration 16. The temperature remained high until 
February 2. All symptoms were relieved by lumbar puncture and the man 
was discharged to duty February 7. 


Case 5.—A corporal, Company B, 62d Infantry, aged 21, white, was admitted 
to the hospital Jan. 27, 1919, complaining of swelling of the right side of 
the face. 

Personal History—He had measles in childhood, pneumonia in 1915 and 
influenza in 1918. 

Present Illness —This began the day of admission with swelling of the 
right side of the face. 

Clinical Course —On admission of the patient the right parotid was 
swollen; temperature was 100.6 F., pulse 86, respiration 18. February 3, a 
swelling of the right testicle was noted. The temperature ranged between 
102 and 103 F. from February 3, to February 6. The patient had a severe 
headache all the time, but was free from nausea and did not vomit. February 6, 
there was a slight stiffness of the neck and Kernig’s sign was suggestive. 
Reflexes active and equal; other signs were absent. Lumbar puncture gave a 
clear fluid under very much increased pressure. It contained 67 cells per cubic 
millimeter. Differential count: large mononuclears, 52 per cent.; small mono- 
nuclears, 48 per cent.; globulin, negative; sugar, positive. The colloidal gold 
reaction was 0000000000. The leukocyte count on February 5, was 8,900. 
Differential count: large mononuclears, 8 per cent.; small mononuclears, 18 per 
cent.; eosinophils, 1 per cent.; polymorphonuclears, 7 per cent. The urine was 
negative. The following day the temperature rose to 102 F., then it fell to 
normal and remained so. The left parotid became swollen February 8. The 
headache disappeared rapidly after lumbar puncture and the patient made an 
uneventful recovery. 


Case 6.—A wagoner, Quartermaster’s Corps, detached, aged 21, white, was 
admitted to the hospita! Feb. 3, 1919, complaining of headache and swelling 
of the neck. 

Personal History—He had measles and pertussis and in October, 1918, he 
had an attack of influenza. 

Present Illness—Three weeks ago he first noticed a swelling on the right 
side of the neck and under the jaw. He now complains of headache and occa- 
sional nausea. 

Clinical Course —On admission the right submaxillary glands were swollen; 
the temperature and pulse were normal. February 5, the left parotid became 
swollen and on February 9, bilateral orchitis was noted. February 10, the 
patient became very dull and suffered from headache and vomiting. The 
temperature was 105 F., pulse 180, respiration 20. February 11, the patient 
began to be very drowsy and was still vomiting. There was definite stiffness 
of the neck, although the pupils were active. The knee jerks were not obtain- 
able and the right biceps reflex was barely noticeable. Kernig’s sign was 
positive; the Babinski was negative. Lumbar puncture gave a clear fluid under 
increased pressure. There was marked improvement in the patient’s condition 
immediately afterward. February 13, the pulse was only 48 and the tempera- 
ture was subnormal. The patient stated that he could not see well. During 
the night he became so delirious that he had to be restrained. February 14. 
he appeared to be in a stupor and his head was retracted; the pupils reacted 
sluggishly; neither headache nor vomiting were present. The temperature was 
97 F., pulse 44, respiration 16. Deep reflexes could not be elicited and the 
Babinski was negative. Lumbar puncture gave a clear fluid. The next day the 
patient was markedly improved. He made a rapid recovery and was discharged. 
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Laboratory Findings.——February 6, the urine was negative. February 12, 
the leukocyte count was 6,200. Differential count: small mononuclears, 48 per 
cent.; large mononuclears, 6 per cent.; eosinophils, 5 per cent.; polymorpho- 
nuclears, 41 per cent. February 11, the spinal fluid contained 10 cells per cubic 
millimeter, all being mononuclears; the globulin was negative but the sugar was 
positive. Culture and smear were both negative. February 14, the spinal 
fluid contained only 5 cells per cubic millimeter, they were all small mono- 
nuclears. The globulin and culture tests were negative, but the sugar test was 
still positive. 

Case 7.—a private; Company B., S. A. T. C., University of Virginia, aged 
19, white, was admitted to the hospital Dec. 21, 1918. 

Personal History—He has not had any infectious diseases. 

Present Illness—He had an attack of influenza beginning Dec. 21, 1918. 
Jan. 7, 1919, he developed measles and this was followed by an acute hemolytic 
streptococcus tonsillitis. February 6, his temperature rose and the submaxillary 
glands on both sides became enlarged. 

Clinical Course —February 7, orchitis was noted; the temperature remained 
elevated, averaging 103 F., until February 9. On that day the patient was very 
restless and uncomfortable and had vomited everything for twenty-four hours. 
He did not complain of headache. Examination showed some resistance on 
flexion of the neck and Kernig’s sign was positive; the cranial nerves were nega- 
tive; the deep reflexes were not obtained; there was no clonus. The temperature 
was 104.3 F., pulse 96, and respiration 24. Lumbar puncture gave a clear fluid 
under somewhat increased pressure. The puncture relieved all symptoms. The 
temperature dropped to normal and recovery was uneventful. The parotid 
glands were not involved at any time during the disease. The patient was dis- 
charged to duty February 25. 

Laboratory Findings——February 12, the leukocytes numbered 8,100. Differ- 
ential count: small mononuclears, 26 per cent.; large mononuclears, 6 per cent. ; 
polymorphonuclears, 66 per cent., and eosinophils, 2 per cent. The urine con- 
tained a faint trace of albumin, but was negative otherwise. The spinal fluid 
contained 125 cells per cubic millimeter, all being mononuclears. The globulin 
test, smear and culture were negative. 


Case 8.—A private, Company 11, Third Battalion, 155 D. B., aged 24, white, 
was admitted to the hospital March 2, 1919, complaining of swelling of the 'eft 
side of the face. 

Personal History—He had had the usual eruptive fevers in childhood, and 
pneumonia in 1918. 

Present Illness—This began the day before his admission to the hospital 
with swelling and pain on the left side of the face. 

Clinical Course —Only the right parotid was swollen on admission. The 
temperature was 1008 F., pulse 100, resj'ration 20. March 5, the left parotid 
became involved. The temperature fell to 1ormal. March 6, the patient com- 
plained of severe headache. This continue’ for two days with a temperature 
as high as 103.6 F. March 8, the patient complained of severe headache and 
he was vomiting. There was no evidence of orchitis. The parotid enlarge- 
ment had practically disappeared, but there was definite stiffness of the neck, 
with slightly positive Kernig’s sign. The patient’s facial expression was dull. 
The cranial nerves were negative and the deep reflexes were not obtainable, 
except the left biceps tendon reflex. The Babinski was negative; there was 
no clonus. Lumbar puncture gave a slightly turbid fluid under increased 
pressure. Following the puncture the temperature rapidly returned to normal 
and all symptoms cleared up. Recovery was uneventful and the patient was 
discharged to duty March 17. The spinal fluid contained 440 cells per cubic 
millimeter. Differential count: mononuclears, 100 per cent.; mostly small cells. 
The sugar and the globulin tests were positive. A few gram-positive cocci 
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were obtained in the smear but all the cultures were negative. No results were 
noted from the intraspinal injection. The urine was likewise negative. 

Cast 9.—A private, Company M, 66th Infantry, aged 32, white, was admitted 
to the hospital March 6, 1919, because of swelling of the face. 

Personal History—This is unimportant as it had no bearing on the case. 


Present Illness—The day before admission the patient noted a soreness and 
swelling on both sides of the face. 


Clinical Course—On admission a bilateral parotitis was present and the 
patient complained of headache. His temperature was 1002 F., pulse 88, 
respiration 22. The temperature fell to normal but on March 12, it rose to 
104.6 F., and remained high, with relative bradycardia, for the succeeding forty- 
eight hours. The patient complained of pain in the testicles but there was lit- 
tle objective evidence of orchitis. He had a severe headache and vomited a 
number of times. March 13, he was very dull. There was rather marked 
stiffness of the neck, but the Babinski and the Kernig signs were negative. 
The deep reflexes could not be obtained, except that of the right biceps. 
Lumbar puncture gave a clear fluid under increased pressure but neither the 
headache nor the vomiting were relieved by the puncture, nor did the tem- 
perature drop. March 14, at 4 p. m., the temperature was 105.4 F., pulse 80, 
respiration 24. Two hundred and fifty c.c. of a 25 per cent. glucose solution 
were injected. In a few minutes the patient was chilled and the temperature 
rose to 106.6 F. Delirium set in with convulsive twitchings of the muscles and 
restraint had to be used to keep the patient in bed. The headache disappeared. 
The following day the patient was still very dull, weak and incontinent. The 
eye grounds were negative, except for a slight haziness of the disks on the 
nasal side. Hiccup was present for several hours. March 15, at 8 a. m., the 
temperature was $8.8 F. and it was normal thereafter. The patient was weak 
for a while, but is recovering rapidly and will be discharged to duty soon. 

Laboratory Findings—March 13, the spinal fluid contained 3 cells per cubic 
millimeter, ali being mononuclears. The globulin test was negative and the 
sugar test was positive. Smear, culture and urive examination and Wasser- 
mann test were all negative. 
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THE OXYGEN CONSUMPTION OF HUMAN 
ERYTHROCYTES * 


GEORGE A. HARROP, JR., M.D. 
BALTIMORE 


Ihe earlier work on the respiratory metabolism of the blood itself 
was in large part rendered valueless because of lack © { knowledge 
of the growth of micro-organisms, the effects observed being merely 
due to bacterial action.’ It has been shown, however, by Warburg, and 
by Morowitz and his pupils, that each of the principal formed elements 
of the blood, leukocytes, erythrocytes, and platelets, has, under certain 
circumstances, a measurable oxygen consumption. 

Studies of the oxidative properties of nucleated and unnucleated 
erythrocytes were made by Warburg? in 1909. He determined the 
oxygen capacity of defibrinated blood with the Barcroft-Haldane 
apparatus, and redetermined the oxygen absorption which had taken 
place after incubation at body temperature for a period, protected 
from the air. Normal human blood consumed very little oxygen, the 
amounts absorbed during short periods of incubation being less.than 
the margin of experimental error, while the changes in blood left for 
longer periods were small, and could be attributed to the metabolism 
of the leukocytes. Somewhat higher values were found in the blood 
of rabbits, particularly in the young. In contrast to the minimal 
oxygen absorption in the blood of normal adult mammals, that of the 
nucleated erythrocytes of birds was found to be very high. 

Morowitz* studied the oxygen absorption in the blood of rabbits 
made anemic by repeated venesection and by injection of hemolytic 
agents, such as phenylhydrazin. He found that under certain con- 
ditions the oxygen absorption could be so increased that the entire 
quantity in the blood was consumed in fifteen minutes. He presented 
evidence to show that this absorption was due to the formed elements 
of-the blood, not to substances in the plasma, that it could not be 
accounted for by the nucleated cells of the blood, either red or white, 
but that, in short, it was due to the young, unnucleated red cells which 
were present in large numbers in these experimental anemias. 


*From the Medical Clinic of the Johns Hopkins Hospital. 

1. The older literature is summarized by Zuntz in Hermann’s Handbuch 
der Physiologie 4:2 (Leipzig, 1882): 

2. Warburg, ©.: Ztschr. f. physiol. Chem. 59:112, 1909. 

3. Morowitz, P.: Arch. f. exper. Path. u. Pharmakol. 60:298, 1909. Also, 
Ergebn. d. inn. Med. u. Kinder. 11:277, 1913. 


if 
iy 
i 
! 
i 


746 ARCHIVES OF INTERNAL MEDICINE 


Morowitz and Itami* measured the oxygen absorption in the blood 
of seventeen persons suffering from various types of anemia. They 
found a marked absorption in the blood from certain of their patients, 
but not in that from others. They claimed that while it took place in 
specimens showing histologic evidences of regeneration, it was found 
as well in anemias showing none. They concluded that the demon- 
stration of increased oxygen absorption was a most accurate index 
of blood regeneration, more delicate than microscopic evidence, and 
that the results were quantitative. The criteria which they considered 
indicative of regeneration microscopically were the presence or absence 
of nucleated erythrocytes and of polychromasia. But there was no 
parallel found either in the severity of the anemias or in the extent 
or character of the histalogic change present, compared to the amount 
of oxygen absorbed. Loewy’ suggested, in the light of Onaka’s® 
observation, that incomplete separation of the platelets in the process 
of defibrination might account for the inconstant results. 

There is now good evidence that the red cells in the circulating 
blood, which appear reticulated when stained in fresh preparations 
with brilliant cresyl blue, are youthful erythrocytes. The reasons for 
this belief are, in the first place, that increased bone-marrow activity, 
as indicated by a rise in the number of red cells and in the percentage 
of hemoglobin, is accompanied by a parallel increase in the percentage 
of these cells in the blood; and, in the second place, that a large per- 
centage of all of the unnucleated red blood cells in the bone marrow 
are reticulated. We have studied the oxygen absorption in the blood 
of persons suffering from various types of anemia, and have compared 
it with the concentration of reticulated cells, as well as with other 
abnormal findings in the blood, in an effort to correlate the oxygen 
consumption, if any, which occurs in human anemia with the other 


available findings. 
TECHNIC 


The method used for estimating the reticulated cells was that of Robertson.’ 
This gives well stained and well distributed preparations. One thousand cells 
were counted in each case and the percentage determined therefrom. 

For the determination of the blood oxygen, the blood gas apparatus devised 
by Van Slyke was employed. 

The manipulations have been done with strict attention to sterile technic 
Each blood sample was withdrawn by venepuncture with a dry syringe and 
needle and placed in a cotton-stoppered flask of about 50 c.c. capacity, con- 
4. Morowitz, P., and Itami, S.: Deutsch. Arch. f. klin. Med. 100:191, 1910. 

5. Loewy, A.: Oppenheimer’s Handbuch der Biochemie. Erganzungsband, 
4:229, 1913. 

6. Onaka, M.: Ztschr. f. physiol. Chem. 71:193, 1911. 

7. Robertson, Oswald H.: J. Exper. M. 26:221, 1917. 

8. Van Slyke, D. D.: J. Biol. Chem. 33:127, 1918. 
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taining several glass beads. Simultaneously, a specimen was taken for count 
ing the reticulated cells. The blood sample in the small flask was defibrinated 
by shaking gently for ten minutes. The fluid blood was then poured off int 
a wide-mouthed tube, care being taken not to carry over any of the clot or 
beads. In this it was thoroughly saturated with oxygen 


A portion was then analyzed for its oxygen content while the remainder 


was used to fill a small specific gravity bottle (Gay-Lussac) of about 5 cx« 
capacity, which contained a glass bead for shaking. This type of container 
was found preferable to one in which the cover sealed off the contents com 
pletely from the air. The open capillary in the ground glass stopper permitted 
complete filling, and compensated for the changes in volume at varying tem 
peratures, while the amount of air absorbed through the long column of the 


capillary was negligible. The stopper was paraffined in and the bottle incubated 


at 37 C. for six hours. At the end of this time the material was cooled 
again to room temperature. After thorough .shaking to insure even distri 
bution of the cells, the blood oxygen was again determined by removing the 
paraffined top, plunging the pipet to the bottom of the bottle and using the 
lower layer of blood. The remainder was then fully resaturated and the 
oxygen capacity redetermined.” The original oxygen capacity of the blood and 
the amount absorbed during incubation enabled one to calculate the percentage 
of the total oxygen consumed by the blood itself under the conditions of tix 
experiment. 


EXPERIMENTAL DETAILS 


1. Other Sources of Oxidation.—Since it is desired to measure 
the oxygen metabolism of the erythrocytes alone, it is necessary to 
exclude other possible sources of oxygen absorption in the blood. 

a. Leukocytes—The oxygen absorption in the blood in conditions 
where abnormally active regenerative processes are taking place is not 
referable to moderate variations in the white cell content. (Grafe’’ 
has reported, however, that marked absorption takes place in conditions 
where the white cells are enormously increased, as in the leukemias, 
and that it is proportional to the concentration of leukocytes present. 

This intense oxygen consumption by the blood in leukemia ts 
demonstrated in the following example: 


Jan. 31, 1919. B.S. Diagnosis: Chronic myeloid leukemia. White blood 
cells 107,000 (peripheral). White blood cells 93,000 (after defibrinating) 
Reticulated erythrocytes 1.2 per cent. 

Volume, 


er Cent 
Oxygen capacity of blood.......... .. 17.30 
After six hours’ incubation........... 7.31 
ee 9.99 or 57.7 Per Cent 


Capacity of incubated sample when resaturated, 16.94 volume per cent 


It is apparent that the concentration of leukocytes must be reduced 
to a minimum. The method of defibrinating as described is usually 


9. In a number of instances this was done colorimetrically by the Palmer 


method. 
10. Grafe, E.: Deutsch. Arch. f. klin. Med. 102:406, 1911. 
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effective in lowering the leukocyte concentration in the material to 
3,000 per cubic millimeter or less, when the count in the peripheral 
blood does not exceed 8,000 per cubic millimeter. Where the count, 
after defibrinating, is higher, resort must be had to centrifuging and 
washing the red blood cells repeatedly with isotonic salt solution. The 
technic in the experiments here described has been controlled by leuko- 
cyte counts after defibrination. Samples of sterile normal blood con- 
taining 3,000 leukocytes or less which have been defibrinated by the 
method described, do not absorb an amount of oxygen exceeding the 
limit of the experimental error in the period used for incubation. 

b. Blood Platelets.—Our attention was called to the blood platelets 
as a factor in the consumption of oxygen by the blood by observing 
the marked absorption in oxalated human arterial blood, as compared 
to that in defibrinated and saturated venous blood. Both specimens 
were treated with an equal quantity of sodium oxalate, and the only 
difference lay in the removal of the blood platelets with the clot in the 
specimen which had been defibrinated. The same effect has been 
pointed out by Onaka,"® working with rabbit’s blood. Defibrination 
effectively removes the platelets; smears taken from the defibrinated 
material show practically complete absence of these elements. They 
are caught up in the clot and eliminated. 

c. Sources of Oxidation in the Blood Serum.—Barcroft" has 
pointed out the possibility of {wo distinct types of oxidative processes 
in the blood. In the fst place there may be substances, incomplete 
products of metabolism, which have found their way into the blood 
stream from the tissues and are there oxidized. In the second place, 
there is the call for oxygen which may be attributed to the life 
processes of the corpuscles of the blood itself. Sound evidence is now 
available that the first type of oxidative processes does not take place 
in the blood or lungs. Even in conditions of extreme oxygen want," 
such oxidations as are carried out are completed in the tissues. The 
oxygen absorption of blood from which the serum had been removed 
and the corpuscles well washed and suspended in normal salt solution, 
has been compared with that of the untreated, defibrinated blood 
sample in which the leukocyte count was properly controlled. The 
amount of oxygen absorbed is constantly the same. The following 
experiment will serve as an example: 


t, J.: The Respiratory Function of the Blood, Cambridge, 1914, 


ll. Barcro 
p. 120. 

12. Evans, C. L., and Starling, E. H.: Jour. Physiol. 46:413, 1913. See also 
Morawitz, P.: Deutsch. Arch. f. klin. Med. 103:253, 1911; Henriques: Biochem. 
Ztschr. 71:481, 1915 (reference quoted by Lusk, Science of Nutrition, 1917, 
p. 418). 
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March 7, 1919. S. H. Diagnosis: congenital hemolytic jaundice. 
Volume, 
Per Cent. 
Oxygen capacity of defibrinated blood.. 11.58 
After six hours’ incubation: 
Whole defibrinated blood........... 8.33 
Washed corpuscles suspended in O08 per cent. salt 
Capacity of incubated sample of whole blood when resaturated 11.53 


Capacity of incubated sample of corpuscle suspension when 
resaturated 


d. Errors in the Technic-—Aside from gross errors in the manipu- 


lations, these arise chiefly from two sources: bacterial contamination 
and methemoglobin formation. The danger from bacterial contamina 
tion has been avoided by plating the blood residues on glucose agar, 
thus demonstrating their sterility. The possibility of methemoglobin 
formation has been eliminated by resaturating with air a portion of the 
blood sample after incubation, determining afresh the oxygen capacity 
of the blood, which should and does agree with the original value. 

2. Effect of Temperature —The maximum consumption takes place 
at 38 C. The 


ing experiment is an example : 


The consumption is negligible at 7 C. or lower. follow 


Volume, 


Volume, Per Cent 
Per Cent. Absorbed 
S. H. Oxygen capacity at start..... 16.21 
Incubation for six hours at 37 C 14.97 1.24 
Incubation for six hours at 21 ( 15.45 0.76 
Incubation for six hours at 7 C 16.04 0.17 


The viability of the cells, as indicated by their ability to absorb 
oxygen, however, is not destroyed by standing twenty-four hours in 
the cold (7 C_) and then incubating as usual at 38 degrees for six hours: 


Volume, 
Per Cent. 
S. E. Oxypen capacity at start. 12.16 
Incubation for six hours at 38 C.. 7.90 
After standing twenty-four hours at 7 C., then 
incubating for six hours at 38 C.... 8.43 


3. Integrity of the Cells—The effect of destruction 


of 


Volume, 
Per Cent 
Absorbed 


4.26 


cell 


the 


bodies on the oxygen absorption was studied by hemolysis of the blood 


with distilled water: 


Case | 

Volume, 

Per Cent. 
Oxygen content at start..... 17.13 

After six hours’ incubation 

Whole blood : 16.28 
Corpuscles in 0.8 per cent. saline 16.10 
Hemolyzed by suspension in distilled water 17.06 
Reaerated whole blood.. 17.24 


Case 2 


Volume, 


Per 


Cent. 


| 
| 
| | 
| 
6.12 
5.26 
5.13 
6.03 
6.30 
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By laking the corpuscles their properties as living cells are pre- 
sumably destroyed. Correspondingly, there was no oxygen absorption 
in the hemoglobin solution thus incubated, the oxygen content at the 
end being practically that at the start. Both whole blood, and intact 
corpuscles suspended in 0.8 per cent. saline, as controls, however, lost 


oxygen in equal degree. 


TABLE 1.—Tue Oxycen Consumption or Norma Human ErytHrocytes. 
SPECIMENS OBTAINED FROM INpIVIDUALS WaHose Bioops Gave NorMAL 
ERYTHROCYTE AND Leukocyte Counts, NorMAt DIFFERENTIAL 
Counts, AND 1.0 Per Cent. on Less or ReticuLatep 
ERYTHROCYTES 


Oxyeen Oxygen Percent- Leukocyte 
Case Content Content Oxygen age of Count of 
No of after Con Reticeu- Specimen Diagnos's 
Saturated Six Hours’ sumption lated as 
Blood Incubation Cells Ineubated 
1 0.67 4 13 1.0 ow Chronie arthritis 
1.38 0.9 Chronie sinusitis 
O34 0.16 0.9 1,000 Chronie myoearditis (com 
pensated) 
i 16 0.37 1,475 Rheumatic endocarditis 
1.10 0.19 1.0 1.300 Normal 
7° "4.58 4.4? 0.16 046 2,100 Erythroeytosis due to 
chronic cardiac disease, 
R. B. C. 6,100 000 
74 0.39 1.0 1,400 Erythemia, R. B.C. 7,750,000 


* These patients had high erythrocyte counts. The blood examination was otherwise 
normal 


EXPERIMENTAL 


In Table 1 are recorded the results of incubating defibrinated blood 
from individuals where blood smears presented no microscopic abnor- 
malities and where there was a normal percentage of reticulated cells. 
The last two are from persons with increased red cell counts, but with 
blood which appeared otherwise normal. All of these determinations 
showed no changes exceeding the limits of error of the method, and 
hence the amount of oxygen consumption in these bloods was too 
small to be estimated. It can be concluded that the erythrocytes of 


normal blood have no appreciable consumption of oxygen. 


TABLE 2.—Tue Oxyern Consumption IN THE BLocp or PATIENTS WITH 


ANEMIA WITHOUT INCREASES IN THE PERCENTAGE OF RETICULATED CELLS 


Oxygen Oxygen Percent 
Case Content Content Oxygen age of 
No of after Con- Reticeu Di *gnosis 
Saturated Six Hours’ sumption lated 
Blood Incubation Cells 
1 0.25 4.10 0.15 0.8 Carcinoma of colon. with 
metastases 
ou 457 “sve 1.0 Pernicious anemia: no histo- 
logic evidence of regenera- 
tion 
3 13.36 12.98 0.28 Os Chronie nephritis with uremia 
4 15.53 15.37 O.15 09 Syphilis; aortic insufficiency 
5 17.82 17.38 O44 0.5 Hypertensive cardiorenal dis- 
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Table 2 gives the results of observations on blood samples from 
patients with anemia, but with no increase in the percentage of reticu- 
lated cells. There was no measurable oxygen absorption. 

TABLE 3.—THE OXYGEN ABSORPTION AND THE PERCENTAGE OF RETICULATED 


ERYTHROCYTES IN A CASE OF PRIMARY ANEMIA DURING A 
SPONTANEOUS REMISSION 


| 
Oxygen |Oxygen Oxygen Per 
R.B.C. W.B.C.| Capac- Content Con Per Cent. 
Millions (Per ity, | after sumed Cent of Other Microscopic Fvidence 
Date (Per-  ipheral Vol. Six Vol Ab Reticu of Regeneration 
ipheral Blood)| Per Hours, Per sorbed lated 
Blood Cent. |Vol. Per Cent. Cells 
Cent. 
11 26/18" 1.5 3.000 6.40 6.23 O17 10 Very few platelets: no 
no blasts 
12/2018 2.5 7,200 10.31 1,23 1.08 lt 2 ! and few; 
lust 
12/31/18 3.3 8,000 15.05 13.47 1.58 10.5 7 t eased: myelo 
| eytes and blasts present 
1/14 19 3.6 7,300) 15.86 14.08 1,85 11.5 0 Myelocytes, 2.0 per cent.; 
| occasional nucleated red 
1/28/19 3.06 6,200 16.67 | 15.39 1,28 24 Platelets small, dimin 
| ished: no blasts 
2/19/19 4.6 7,400 17.79 | 17.67 0.12 . 0.5 Platelets small, about nor 
malinnumber;: redcount 
2/24/19 4.3 6,700 17.40 | 17.16 0.24 shes 04 and hemoglobin station 
| ary since February it 
* About December 6 patient commenced to feel better and stronger, and during the six 
days following the erythrocyte count rose by 500,004 
TABLE 4.—Tue Oxycen Consumttion 1N CONTAINING INCREASED 
PERCENTAGES OF ReTICULATED ERYTHROCYTES 
Oxygen Oxygen Percent- Percentage 
Case Content Content Oxveen age of of Retieu 
No. of after Con Oxygen lated Diagnosis 
Saturated Six Hours’ sumption Con- Erythro 
od Blood Incubation sumed cytes 
Vol. per Vol. per Vol. per 
Cent Cent. Cent 
1 18.95 17.67 1.28 68 AL Carcinoma of stomach 
| 2 9.80 S.84 9.8 Chronic empyema 
8 17.50 16.28 7.0 4 Pernicious anemia 
4 12.61 11.84 61 2.3 Three days after large hem 
atemesis from gastric 
uleer 
5 11.42 10.73 0.89 7.3 Hodgkin's disease 
t 14.0 12.51 1. 11.1 4 Ruptured ovarian cyst 
7 4.00 4.10 0.50 10.9 45 Chronic nephritis; uremia; 
hemorrhage from gums 
) 6.12 0.99 16.3 7.1 Pernicious anemia 
9 11.58* 3.25 28.1 12.0 Congenital hemolytic jaun 
dice 
10 11.48* 8.06 3.42 29.8 12.0 Congenital hemolytic jaun 
dice 
11 12.16 7.72 4.44 36.5 13.1 Congenital hemolytic jaun 
alice 
- * Specimens 9 and 10 are from the same case, with about one month's interval between the 


two observations. 


The observations on the patient, S. E., Table 3, who presented a 

typical clinical picture of pernicious anemia, cover a period of about 

i five weeks, during which time he had, under observation, a spontaneous 
blood remission. The case offered opportunity to study the relation 


of the oxygen absorption to the percentage of the reticulated cells 
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under varying conditions in the same individual. Prior to the remission 
and after it had ceased, when the reticulated cells were not increased, 
there was no oxygen absorption. During the remission, however, as 
noted, there was an increased absorption of oxygen, which was 
coincident with the appearance of increased numbers of reticulated 
cells. 

Table 4 gives the results of observations on blood samples from 
patients with anemia in which the percentage of reticulated cells was 
increased as indicated. The relationship between the percentage of 
the total oxygen absorbed and the percentage of the reticulated cells 
in the blood is apparent. 


CONCLUSIONS 


1. Normal mature human erythrocytes have no oxygen consump- 
tion measurable by present methods. 

2. Where it is measurably increased in the blood of individuals 
with anemia, the oxygen consumption has no relation to the severity 
of the anemia and no constant relation to histologic abnormalities in 
the erythrocytes other than increases in the number of reticulated cells. 

3. Blood which contains abnormal numbers of reticulated erythro- 
cytes has an oxygen consumption proportional to the percentage of 
reticulated cells present. 


4. The data afford evidence that the two phenomena go hand in 
hand. Both are due to the presence of abnormal numbers of youthful 
cells, and both are probably rather accurate indicators of functional 
variations in the bone-marrow and of the amount of blood regeneration. 
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THE PHYSIOLOGY AND EXPERIMENTAL TREATMENT 
OF POISONING WITH THE LETHAL 
WAR GASES * 


FRANK P. UNDERHILL, Pa.D. 
(Recently Lieutenant-Colonel, Chemical Warfare Service, U. S. Army) 


NEW HAVEN, CONN, 


The gases employed in the recent war may be divided into four 
great groups, as follows: 

1. Asphyxiant or suffocating gases. For example, chlorin, phos- 
gene (COCI,), diphosgene and chlorpicrin (CCI,NO,). 

2. Tear gases or lachrymators. For example, xylyl and benzyl 
bromid. 

3. Sneezing gases or sternutators. For example, diphenylchlor- 
arsine. 

4. Blistering gases or vesicants. For example, yperite or mustard 
gas (C,H,C1),S. 

This division of gases is, however, only a rough classification, 
inasmuch as a gas may fall into more than one of the groups quoted. 
Thus a gas may have at least two different warfare uses, it may be 
both a lachrymator and an asphyxiant, or, again, it may possess 
suffocating properties in addition to a blistering action. The classifica- 
tion given above carries with it the conception that the placing of a 
gas in one or another group is on the basis of the most important effect 
elicited by a given gas. 


MILITARY USE OF GASES 


From the viewpoint of the military purpose for which gases are 
employed they may be divided into two large groups: (a) Lethal gases, 
and (b) neutralizing gases. Under the term of lethal gases are 
included all those gases used in warfare which are employed for the 
object of killing the enemy. The principal substances comprising this 
group are chlorin, phosgene (carbonyl chlorid) and chlorpicrin (nitro- 
chloroform). On the other hand, extensive use was made of a large 
variety of gases the main purpose being not to kill the enemy, but to 
make him work under difficulties; in other words, to neutralize his 
military efficiency. Hence this group of substances received the name 


* Read before the Harvey Society at the Academy of Medicine, New York 
City, March 15, 1919. 
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of neutralizing gases and included the lachrymators, the sneezing 
gases and the vesicants. 

In general, the neutralizing gases produce effects on the human 
organism of a nature which cause discomfort rather than serious 
injury. On the other hand, many of these substances, if in sufficient 
concentration, are quite capable of inducing grave effects, or may even 
be the direct cause of death. For example, mustard gas was used pri- 
marily for its vesicant action, producing blisters which in certain 
cases might involve the entire skin and cause death in this manner; 
or a sufficient quantity of gas could be inspired so as seriously to injure 
the respiratory tract in such a way that the whole mucous membrane of 
the upper respiratory passages would peel off as a cast. Portions of 
this cast might get into the bronchi or bronchioles acting as a mechan- 
ical plug and interfere with respiration, causing death by asphyxia. 

In general, the sneezing gases and the lachrymators induced effects, 
such as relatively slight irritation and congestion, which called for no 
special investigation to alleviate or to combat any detrimental influence. 
The treatment indicated in such cases was obvious. To a great extent 
the same may be said of the vesicant gases where the primary effect 
requiring treatment was the blister or the burn. In this instance a 
serious sequel to the gassing is dependent almost entirely on the evil 
effects of secondary infection. In the treatment of mustard gas effects 
the prevention of infection was the object aimed at, and it was attained 
by a variety of means, all of which were designed to keep the wound 
as aseptic as possible. 

While these statements are true in general for these three groups 
of gases — the sneezing gases, the lachrymators and the vesicants — 
they are capable of producing additional effects if inspired in sufficient 
quantities. On the other hand, such effects were not especially prom- 
inent in producing casualties in the field, hence the exact character 
of these additional influences has not been extensively investigated. 


THE LETHAL GASES 


Of special importance in warfare have been the lethal gases. This 
group contains such substances as chlorin, phosgene and chlorpicrin. 
Other substances are also included in this group, but from a practical 
standpoint the gases named are the most important. Chlorin was the 
first gas employed, phosgene followed and then chlorpicrin appeared. 
These three substances are unlike in that chlorin and phosgene are 
gases, whereas chlorpicrin is a liquid. Chlorin and phosgene, espe- 
cially when mixed, may be used in the form of a cloud, the first meiod 
of gas warfare. The perfection of the gas shell, however, increased 
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the number of substances that could be employed and greatly aug- 
mented the efficiency of gas as a means of warfare, inasmuch as the 
substance could be distributed in the area desired without dependence 
on the conditions of the wind or the dangers of the gas being blown 
back. 

These three gases are alike in that each contains chlorin as an 
essential part of the molecule, and one might assume at first glance 
that the physiologic effects produced by phosgene and chlorpicrin are 
due to the action of the free chlorin or the hydrochloric acid formed 
as a result of the hydrolysis or other decomposition of the gases. 
This is an interesting hypothesis, but from the pathologists’ findings 
it can hardly be true, inasmuch as the lesions produced in the three 
cases are quite distinct and specific. 

The three gases are lachrymators as well as respiratory irritants. 
Chlorin is preeminently a respiratory irritant and is characterized by 
the extreme rapidity with which it produces its typical effects, namely, 
pulmonary edema and congestion. On the other hand, phosgene is 
less likely to cause immediate edema, but it is regarded as a more 
effective fighting weapon, as its use leads to a large number of casual- 
ties and deaths. The toxic action of phosgene is slower than that of 
chlorin, probably because to produce its effects it must undergo chem- 
ical change. This latent period in the action of phosgene has earned 
for it the name of having a delayed action. Chlorpicrin is not as 
rapid in action as chlorin, but produces its typical effects much sooner 
than phosgene. This gas is regarded as especially valuable from a 
military standpoint, since it penetrates masks more readily than either 


of the other two gases. 
SYMPTOMS OF GAS POISONING 


Chlorin.—Exposure of a dog to the gases elicits reactions which 
are quite characteristic for each gas. The general clinical symptoms 
induced by gassing with chlorin are, at first, general excitement, as 
indicated by restlessness, barking, urination and defecation. Irritation 
is distinctly evident as seen by the blinking of the eyes, sneezing, 
copious salivation, retching and vomiting. Later the animal shows 
labored respiration with frothing at the mouth. Food is refused, 
although a large quantity of water may be drunk. The resp* . ory 
distress increases until eventually death may occur from apparent 
asphyxiation. On the other hand, if the concentration of the gas 1s 
not lethal, the animal may present an emaciated appearance and be 
distressed greatly for several days. Ultimate recovery ensues with 
return to apparently normal conditions. 
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Phosgene.—Phosgene acts chiefly as a respiratory irritant, but it is 
also a lachrymator. Very small doses, scattered in the air, cause 
coughing, watering of the eyes, and intense dyspnea. It differs from 
chlorin in that in these small concentrations its influence is limited 
mainly to the terminal air cells of the lungs. This effect leads to 
edema of the lungs and consequent cyanosis, which may terminate in 
death. The first symptoms are dizziness and cyanosis on exertion. 
It usually takes several hours for the serious symptoms to develop, 
and in the interval there is no sign of danger. 

At high concentrations there is slight lachrymation and uneasiness. 
The pupil becomes clouded, but the animal exhibits no violent symp- 
toms. Subsequently there may develop a hard cough, respiration 
becomes more and more difficult, usually there is a rattling in the 
throat and death follows within the first twenty-four hours after 
exposure. The heart action grows weaker as death approaches but 
persists after all attempts at breathing have ceased. 

Chlorpicrin.—Exposure to chlorpicrin causes coughing, nausea and 
vomiting, and in large quantity may cause unconsciousness. Secondary 
etiects are bronchitis, shortness of breath, a weak, irregular heart and 
gastritis. It may also cause acute nephritis. Liquid chlorpicrin has a 
corrosive action on the skin, and scratches and abrasions exposed to 
chlorpicrin fumes invariably become septic. Abscess formation may 
result. 

A comparison of the three gases shows quite plainly that chlorin 
has a very strong irritating action, the animal becoming excited and 
being in evident distress. With chlorpicrin the character of the reac- 
tions produced is very similar to those of chlorin poisoning, except 
that the symptoms are less pronounced. Phosgene, on the other hand, 
appears to cause the animal no immediate distress. Instead of becom- 
ing unduly excited the dog lies quietly in the chamber, and even when 
the symptoms appear hyperexcitability is not present. It would seem 
that a certain degree of peripheral anesthesia is present, handling the 
animal failing to act as a stimulus to muscular activity — struggling — 
so characteristic with chlorin and chlorpicrin dogs. 


PATHOLOGY OF GAS POISONING * 


Chlorin—From the pathologic aspect chlorin produces injury to 
the organism by causing immediate death of the epithelium lining the 
upper respiratory tract. Areas of focal necrosis in the lung itself are 
attributed to the direct action of chlorin on parts of the lung not 
protected by bronchiolar spasm. The destruction cf the epithelium of 


*Taken from the reports of Dr. M. C. Winternitz. 
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the trachea and bronchi removes the normal protective mechanism of 
the upper respiratory tract and allows pathogenic bacteria from the 
mouth to find their way into the injured bronchioles within a very 
short period after the epithelium has been destroyed. This bacterial 
infection results in a pneumonia — lobar, lobular or necrotizing 
the type depending on the organism concerned. The pneumonia is 
associated in all cases with an infection lesion of the bronchi. The 
infection tends to persist in animals surviving the acute period, result- 
ing in a chronic bronchitis, organizing or obliterative bronchiolitis 
with scarring of the lung. Such lesions are demonstrable in dogs 
dying or killed as late as six months after gassing. The irritating 
action of chlorin results in a bronchiolar spasm, which, interrupting the 
normal inflow and outflow of air, causes an acute emphysema or 
atelectasis, most marked in animals dying in the acute stage. 

Edema of the lungs, trachea and bronchi is the most striking feature 
of acute death from chlorin gassing. It is probably brought about by 
the direct action of the gas which so damages the bronchi and alveoli 
as to render the adjacent capillary wall permeable. The coagulation 
of the plasma as it passes out through the alveolar wall leads to the 
deposition of fibrin in this situation which must .seriously interfere 
with the inflow of blood through the lung, thus putting a strain on 
the right side of the heart. 


Phosgene-—With phosgene gassing the lesions seen at necropsy 
vary according to the length of time the animal survives after exposure 
to the gas. At first, a severe pulmonary edema is associated with 
extreme congestion which reaches a maximum after the first twenty- 
four to thirty-six hours, and disappears gradually in animals surviving 
ten days or longer. The edema is associated with an inflammatory 
exudation of fibrin and leukocytes, which is most marked in and around 
the finer bronchioles and which spreads through the lung tissue to a 
variable extent. <A typical lobular or pseudolobar pneumonia is the 
result. The pneumonia is frequently complicated by a necrotization 
of the wall of the bronchus, which may involve the adjacent alveoli to 
form abscesses. On the other hand, the inflammatory process may be 
combated successfully, but in an attempt at healing foci of organizing 
pneumonia and obliterative bronchiolitis result. They constitute 
chronic foci of infection, as shown by bacteriologic studies. 

The character of the phosgene lesion is explained by the localization 
of the action of the gas on the air tubes. The epithelium of the trachea 
and larger bronchi is not damaged, while that of the smaller bronchi 
and bronchioles is seriously injured, the more distal portion suffering 
most. In addition to the changes in the mucosa, the bronchi also show 
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pathologic contractions and distortions which result in the more or 
less complete obliteration of the lumen. These, in turn, lead to mechan- 
ical disturbances in the air sacs, resulting in a chronic condition of 
atelectasis or emphysema. 

Chlorpicrin——Chlorpicrin injures the epithelium of the entire respi- 
ratory tract, but all portions of the tract are not equally affected. The 
trachea and largest bronchi, though irritated, suffer only transient 
injury. The medium size and small bronchi are the most affected. 
There is a uniform and widespread damage of the alveolar walls 
which, however, is not severe enough to lead to necrosis. The alveoli 
are apparently nowhere protected by constriction of the bronchi. 

The overwhelming edema of the lungs rapidly follows exposure 
to the lethal concentration of the gas. In extreme cases practically 
every alveolus is filled with fluid. In addition to the fluid in the lung 
itself there is also marked edema of the mediastinal tissues and pleura 
which is even more striking than in phosgene and chlorin gassing. The 
edema fluid contains fibrin and a great deal of fibrin is found in the 
alveolar walls. Partial or complete occlusion of the smaller bronchi 
by inflammatory exudate or masses of necrotic cells leads to focal 
emphysema or atelectasis, but this is not such a striking feature at 
necropsy as in the case of death from some of the other respiratory 
irritant gases, for example, phosgene. Infection of the lungs with 
the development of a widespread bronchitis and bronchopneumonia is 
seen in a large percentage of those animals which do not die in the 
first few hours after gassing. Abscess formation, pleurisy, fibrinous 
or purulent, and organizing pneumoma are common complications. 
In recovered animals there is a regeneration of the epithelium of the 
bronchi and alveoli and organization of the necrotic bronchiolar wall 
with scar formation. Focal atelectatic emphysematous patches remain 
as prominent gross evidence of the gas injury. 

A comparative study of the pathology of chlorpicrin, chlorin and 
phosgene shows that chlorpicrin in its action on the respiratory tract 
occupies a position somewhere between chlorin and phosgene. It 
damages the trachea and larger bronchi less than chlorin, but more 
than phosgene. In its action on the bronchioles and alveoli it resembles 
phosgene very closely, but in several other respects the lesions are 
more like those of chlorin. The gross and microscopic differences in 
the effects of the three gases on dogs are sufficiently clear cut to enable 
an experienced observer to determine by necropsy which gas has been 


used. 
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INTERPRETATION CF GAS POISONING 


In the time allotted it would be impossible to describe in detail the 
character of the various types of work carried through in our investi- 
gation on the war gases. It will suffice to say that under carefully 
controlled conditions the influence of the lethal gases on the organism 
of the dog has been studied both intensively and extensively. In this 
investigation several thousand animals were employed. As a result 
of this work it may be stated that pulmonary edema is the prominent 
feature of the effects induced by these gases. In addition to pulmonary 
edema, gassing has a definite influence on the respiration, heart beat, 
temperature, the concentration of the blood, the water content of the 
lungs and other tissues, the chlorid content of the blood and tissues 
with resulting changes in chlorid excretion by way of the kidney, the 
number of the red and white cells of the blood, and the respiratory 
function of the blood leading to dyspnea and partial asphyxia. Acidosis 
is present at times, and there is a distinct influence on protein metab- 
olism. Some of these effects are, of course, dependent on the develop- 
ment of pulmonary edema, but others are not so readily explained in 
this way. It should be stated that so far as can be determined by 
experimental methods the lethal gases act specifically on the respiratory 
tract which action results in edema. Little or none of the gas is 
absorbed. Hence, whatever influence is exerted on the organism by 
these gases must be explained by an interpretation of the effects 
induced in the respiratory tract. 

The effects of gassing, as enumerated above, are so various that 
an attempt at correlation or the assignment of cause and effect seems 
at first glance well nigh impossible. Further study of the problem, 
however, brings to light one significant feature which stands out clear 
and distinct from all the other effects induced by exposure to gas. 
This is the well defined curve of changes in blood concentration. On 
the basis of alterations in blood concentration quite definite stages in 
gas poisoning may be outlined. These stages stand out most clearly 
with phosgene, and therefore the picture presented by this gas will 


be considered first. 
STAGES IN PHOSGENE POISONING 


First Stage. —In the first few hours (5 to 8) after phosgene potson 
ing there is a notable decrease in the concentration of the blood. The 


decrease occurs rapidly and then the blood gradually tends to assume 


the normal concentration. In this period there may be significant dila- 


tation of the heart (observed by Eyster). Accompanying the decreased 


| 

i 


760 ARCHIViS OF INTERNAL MEDICINE 


concentration of the blood there is a sharp drop in the chlorids of the 
blood and a marked increase in the chlorids and water content of the 
lungs. The chlorids of the urine increase immediately after gassing, 
reaching a maximum between the third and seventh hours, then 
decreasing. The heart beat is distinctly slowed at first with a tendency 
to regain the normal or be somewhat above the normal before this 
period is over. The immediate effect on the respiration is a distinct 
increase in the rate. During this period the temperature shows a 
marked increase, attaining a maximum coincident with the termina- 
tion of this period. Oxygen capacity of the blood, the number of 
erythrocytes and hemoglobin follow a curve parallel with that of the 
changes in the blood throughout all stages of phosgene poisoning. The 
oxygen content of both arterial and venous blood decreases signifi- 
cantly. The saturation of hemoglobin with oxygen decreases some- 
what. In general, the decrease is more marked in the venous than in 
the arterial blood. In the first period of phosgene poisoning an influ- 
ence on protein metabolism is not noticeable. 

Second Stage—The period of blood dilution is followed by an 
interval during which the blood rapidly becomes concentrated to a 
point far above the normal value and remains near this level for sev- 
eral hours. In this stage the heart may be markedly decreased in size 
(Eyster). During the period of increased blood concentration the 
chlorids of the blood show a tendency to regain the normal. The 
water and chlorid content of the lungs reach a maximum and then 
gradually fall. The heart beat and respiration are both markedly 
accelerated. In animals that are in a serious condition, although the 
rate of respiration is markedly increasing, there is a decrease in depth 
so that rapid, shallow breathing exists. The temperature steadily 
decreases to a degree or more below normal. If the animal dies in this 
stage, the temperature may fall steadily up to the time of death. Most 
of the fatalities occur in this stage. The oxygen content of arterial 
blood remains fairly stationary at a nearly normal value, whereas that 
of venous blood falls rapidly to a very low level. The saturation of 
hemoglobin with oxygen decreases rapidly in both arterial and venous 
blood but the fall is greater in venous blood. There is no evidence of 
an influence on protein metabolism. 

Third Stage —After the period of increased concentration the blood 
gradually becomes more dilute until it is slightly under the normal 
value, which is eventually gained, and the animal recovers. The chlorids 
of the blood gradually tend to regain the normal level. The chlorid 
and water content of the lungs follows a similar course. In animals 
reaching this stage, the heart beat and respiration rise to a maximum 
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and then gradually attain the normal. The temperature rises to nor- 
mal or above in those animals that eventually recover. In those ani- 
mals that die during this period the heart beat and respiration rise but 
the temperature steadily falls. The oxygen content of arterial and 
venous blood tends to regain the normal. Chlorid excretion by the 
kidney is markedly decreased but later is much augmented. Coinci- 
dent with the increased chlorid excretion is a noticeable increase in the 
protein metabolism. 

Summary.—The interpretation which may be placed on the differ- 
ent stages of phosgene poisoning is as follows: In the first stage there 
is marked dilution of the blood. There are at least two ways in which 
this dilution may be explained. In the first place it may mean an 
increased blood volume, the excess fluid finding its way into the blood 
from the tissues in response to the strong irritation stimulus exerted by 
the gas on the respiratory tract. Second, a diluted blood would resul 
if the red cells were removed in part and deposited in some organ or 
tissue. In the present investigation no studies were made to determine 
actual changes in blood volume. Reports by Eyster and Meek, how- 
ever, who have made such estimations, tend to the conclusion that in 
the stage of phosgene poisoning under discussion blood volume is not 
increased, and they account for the dilution of the blood on the hypoth 
esis that red cells are stored in the lungs, at least temporarily 
Whichever explanation is correct, it is certain that during this first 
stage two features may be quite prominent, namely, edema of the 
lungs and dilatation of the heart. Edema can be explained very readily 
on the hypothesis of increased blood volume and it is also possible that 
such a condition might lead to a dilated heart. On the other hand, the 
deposition of corpuscles in the lungs, by causing an obstruction in the 
circulation, would lead to a dilated heart. The relatively large trans- 
port of fluid to the lungs during this period is, however, not so easily 
explained by this hypothesis. Whichever hypothesis is accepted, edema 
of the lungs prevails and there may be a dilated right heart. 

In the second period edema has reached its maximum development 
and here also blood concentration is at its height. The latter state is 
undoubtedly induced by the withdrawal of fluid which finds its way 
into the lungs. During the interval of blood concentration the blood 
volume is definitely decreased and the heart may be noticeably dimin- 
ished in size (Eyster). This would presumably result in a decreased 
efficiency of this organ and lead to an inadequate circulation. Later 
when the blood resumes its normal degree of concentration, normal 
heart action is reestablished. 

The development of edema induces a mobilization of chlorids in 


the lungs at the expense of the chlorids of the blood, the lowered 
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chlorid content of whieh may be explained in part by loss of chlorids 
through the kidneys, since at this period the output of chlorids in the 
urine is appreciably augmented. Later, during the second stage, the 
chlorids of the lungs reach a maximum, the blood content is not called 
on and therefore an approximately normal blood chlorid content may 
be found which is maintained thereafter. This chlorid retention by the 
lungs coincides with the fact that on the second day of phosgene poison- 
ing the urinary excretion of chlorids is usually below normal. The 
period of readjustment now follows, during which edema subsides in 
the lungs, and presumably both fluid and chlorids are demobilized by 
the lungs and find their way into the blood. The excess of chlorids 
over the normal in the blood is eliminated through the kidneys, which 
would account for the large output on the third day after gassing. 

The changes in oxygen capacity, erythrocytes and hemoglobin fol- 
low the curve of alterations in blood concentration throughout the 
entire course of phosgene poisoning which might well be anticipated. 
Oxygen content of arterial blood in general shows relatively unim- 
portant changes, whereas that of venous blood progressively diminishes 
throughout the first and second periods of phosgene poisoning. This 
may be explained in the first period by the fact of diluted blood and 
in the second period is undoubtedly caused by the longer contact of the 
blood with the tissues induced by an inefficient circulation. 

The respiratory changes are correlated with the impaired respiratory 
functions of the blood, such as lowered oxygen content and incomplete 
saturation of the hemoglobin with oxygen. 

In the first stage decreased heart rate may be explained best, per- 
haps, on the hypothesis of nervous inhibition. The later rapid pulse is 
directly induced by the viscous character of the blood which causes 
oxygen want. Although specific data are lacking, it appears quite evi- 
dent that there is a distinct fall of blood pressure. One may assume 
a direct relationship between the heart’s efficiency and temperature. 
Thus, in the first part of the first stage the heart action is slow, there 
is inefficient circulation, and the temperature falls. Later the greatly 
accelerated pulse is accompanied by a rise in temperature far above the 
normal. From this it would appear possible that the heart has tem- 
porarily overcompensated resulting in an efficiency of the circulation 
above the normal. 

Now follows the stage of concentration of the blood. This concen- 
trated blood is, without doubt, more difficult to circulate through the 
body and if the heart is only doing its normal work there will be, as 
a result of the thickened blood, a circulation of less than normal effi- 
ciency and such a condition apparently results in a falling temperature. 
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In case the heart responds with a much higher rate during the period 
of concentration, so that even with the thickened blood it appears that 
a circulation of close to normal efficiency is being maintained, it will 
be found that the temperature is also well maintained. 

In the animals which are less seriously affected and in which only 
a slight edema of the lungs develops, with a consequent slight loss of 
fluid from the blood, it will be found that the temperature is well main- 
tained, provided the heart rate is normal. However, even in such cases, 
the continuous even though slight loss of fluid from the blood will 
eventually result in a concentration of the blood which will bring the 
circulation below normal efficiency, even with a high pulse rate, and 
the temperature will drop slowly until at about the twenty-fourth hour 
it is about 1 C. below the normal. On the other hand, in the animals 
which are seriously affected, the blood concentrates very rapidly. The 
heart, even though the rate is maintained far above normal, is never- 
theless not able apparently to maintain a circulation of normal effi- 
ciency, the temperature drops very rapidly and the animal dies within 
less than twenty-four hours after gassing. 

In brief, then, it seems plausible that the temperature is directly 
related to the efficiency of the circulation and this in turn is determined, 
in part at least, by the concentration of the blood and the pulse rate. 

This view seems to be further strengthened by the results obtained 
from a study of animals gassed with chlorin and chlorpicrin. In both 
of these cases there is, in general, a state of concentration of the blood 
beginning immediately after gassing. Only in rare instances does dilu- 
tion of the blood occur and then it is only for a short time. From the 
first, then, in animals poisoned with these last named gases, there 
obtains a condition in which the blood is above normal in concentration 
and in correspondence with this the temperature remains below normal 
and the more seriously the animal is affected and the greater the con- 
centration of the blood, the greater will be the fall in temperature. 

Phosgene poisoning has been considered in detail since it is unique 
in showing among its effects the initial stage of dilution of the blood 
At times chlorpicrin presents a similar stage but this interval is never 
so pronounced either in degree or length as obtains in phosgene poison- 
ing. Usually a preliminary dilution period is lacking. It is this period 
that undoubtedly gives to phosgene the distinction of possessing a 
so-called “delayed action.” Chlorin gas rarely, if ever, causes a period 
of blood dilution. In general, if one should consider the changes in 
bleod concentration outlined for phosgene, minus the initial dilution 
period, the remaining curve would represent fairly accurately the alier- 
ations occurring in the blood in both chlorin and chlorpicrin poisoning. 
This would, of course, entail ditferences in time relationships, but 
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under the conditions noted the changes in blood concentration of 
chlorin and chlorpicrin would be accompanied by the same general type 
of effects which is obtained with phosgene. Under these circumstances 
it appears superfluous to recite further the correlation of the effects of 
chlorin and chlorpicrin poisoning. 


CAUSE OF DEATH IN GAS POISONING 


It is generally assumed that the cause of death in gas poisoning is 
due directly to edema of the lungs aided, of course, by the accompany- 
ing congestion. It has been said that death is caused by an individual 
literally drowning in the water of his lungs. The quantity of water 
may reach as high as a liter or more, and such a conception as the 
cause of death seems quite obvious. On the other hand, one may well 
ponder whether death is usually induced in this way or whether there 
may be some other cause to which one may point with more certainty. 
The most obvious condition, other than edema, which could lead to 
death is the concentration of the blood. Of course, it is evident that 
edema and blood concentration are closely associated. Edema is 
assuredly the cause for blood concentration, and thus indirectly at 
least brings about death, but it would appear that blood concentration 
is much more likely to produce death than is the presence of fluid in 
the lungs. Two possibilities are therefore to be considered. 

Death by edema could be caused by the prevention of an adequate 
oxygen supply in the pulmonary blood. On the other hand, through 
extensive experiments of Winternitz* it is quite possible to introduce 
large quantities of fluid directly into the lungs of normal dogs without 
causing death, the fluid being absorbed with surprising rapidity. It 
must be conceded, however, that the conditions obtaining in the lungs 
of a normal dog and in those of a gassed animal are quite different, 
tor in the experiments cited simple salt solution was introduced, 
whereas in the edematous lung the fluid more nearly represents blood 
plasma. Such a fluid would have a much greater tendency to inhibit 
adequate oxygen exchange than would a simple salt solution. The 
adherents of the idea that edema is the cause of death must ascribe 
death to asphyxiation. There is little doubt that well developed edema 
does interfere with oxygen exchange of the pulmonary blood, but 
usually the efficiency of the arterial blood as an oxygen carrier is sur- 
prisingly high. It would seem a simple matter to put the question to 
the test experimentally. Thus, it might be assumed that if edema is 
the cause of death, this operating by producing asphyxia, administra- 
tion of oxygen should save the an‘mal provided the oxygen could be 


* Unpublished. 
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absorbed. Such experiments have been carried through in this inves- 
tigation and the results have demonstrated that though the oxygen in 
the arterial blood may be raised and maintained within the higher 
normal limits, death intervenes as usual. Then again, some animals 
seem to die with much less edema than others and the different gases 
also possess different degrees of ability in provoking edema. If edema 
is the cause of death it is difficult to explain why some animals with an 
apparent excessive quantity of fluid in the lungs should survive. Death 
is caused by something more than simple inability of the blood to absorb 
oxygen, by something more than a physical obstacle in the lungs 

It seems quite logical to assume that blood concentration is imme- 
diately responsible for death. Blood concentration means a failing cir- 
culation, an inefficient oxygen carrier, oxygen starvation of the tissues, 
fall of temperature and finally suspension of vital activities. The whole 
aim of treatment in gas poisoning has been to prevent blood concentra 
tion or else restore it to a level more nearly normal. When this is 
accomplished the animal survives in spite of the fact that the lungs 
may be very edematous. It may be stated, then, that in the presence 
of edema and a concentrated blood, entrance of oxygen into the cir- 
culation does not prevent death. On the other hand, restoration of 
blood to a more normal concentration enables an animal to survive even 
though an extensive edema exists. Administration of oxygen under 
the last named conditions undoubtedly makes recovery easier 

Therefore, while it is accepted that indirectly the edema of gas 
poisoning results in death, the immediate cause of death must be 
assigned to blood concentration. 


TREATMENT OF PHOSGENE POISONING 


From the foregoing considerations it is quite apparent that changes 
in blood concentration constitute the most important and _ significant 
action of phosgene on the animal organism. It is therefore quite logical 
that in any endeavor toward alleviation of the effects of phosgene 
poisoning efforts should be directed toward the restoration of the blood 
to a concentration more nearly approximating the normal. 

It must also be evident that for the successful accomplishment of 
such a purpose there should be some criterion, or criteria, which shall 
indicate time of treatment and if possible type of treatment. Such 
criteria are to be found in changes in temperature and in hemoglobin 
estimations. Both are very simple procedures and best results are 
obtained when they are employed in conjunction. There are conditions, 
however, especially in the field where hemoglobin estimations may be 
impracticable. Under these circumstances treatment may be applied 


& ‘ 
| 
| 

| 


766 ARCHIVES OF INTERNAL MEDICINE 


successfully in accordance with the temperature changes alone. It 
should be stated that hemoglobin determination is selected inasmuch 
as it may be substituted for the more arduous total solid estimation. 
Changes in hemoglobin and total solids in gassed dogs follow similar 
if not exactly parallel courses and hemoglobin estimation is a much 
more sensitive test for changes in blood concentration than is total solid 
determination. 

In accord with these principles an outline of the treatment evolved 
in this investigation is as follows: 

Treatment of First Stage-——Approximately one hour after gassing, 
blood is drawn from a vein to the extent of one per cent. of the body 
weight. Bleeding at any time up to four hours after gassing is ben- 
eficial, but the best results are obtained when the withdrawal of blood 
is practiced about an hour after gassing. 

Treatment of Second Stage.—In the first stage blood concentration 
may exhibit one of two features after bleeding. (a) The blood becomes 
markedly dilute and slowly returns to normal concentration. (b>) There 
is no significant dilution of the blood. The latter is an exceptional 
condition. The time of further treatment will therefore depend on 
which of these two conditions obtains. When the blood becomes 
markedly dilute and then slowly returns to the normal, infusion of 
0.97 per cent. sodium chlorid solution, equal in amount to the blood 
withdrawn, should be practiced when the blood concentration regains 
the normal level. This usually takes from eight to ten hours. On the 
other hand, when even after bleeding the concentration of the blood 
is not definitely decreased, infusion of salt solution should be delayed 
until there is a clear indication that the blood is becoming concentrated. 
This usually occurs from six to eight hours after gassing. In any case 
the infusion should not be delayed beyond the point where the blood 
has reached a concentration of more than 25 per cent. above normal. 

After the infusion of the salt solution the concentration of the 
blood is followed at one hour intervals by determination of hemoglobin 
in order to ascertain whether subsequent salt infusion is indicated. In 
general, after the first infusion the blood may begin to concentrate 
again within one hour and when this concentration continues it may be 
desirable to infuse subsequently, but judgment must be exercised in 
order to strike a proper mean between insufficient and excessive infu- 
sion. Insufficient infusion leaves the blood concentrated. Excessive 
infusion augments edema. So long as the concentration of the blood 
remains constant, infusion is unnecessary, and when the concentration 


diminishes the individual is on the road to recovery. 
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Treatment of Third Stage—Usually rest and warmth are all that 
are necessary in this stage, but if the blood should become greatly 
diluted again and remain so a further bleeding may be necessary. This 
condition, however, occurs rarely. 

The principles of treatment are, therefore, very simple—vene 
section when the blood is diluting and infusion of salt solution 
during the initial period of blood concentration. Venesection tends to 
diminish the degree and extent of dilution. Infusion of salt solution 
tends to keep the blood concentration at a level where it is possible to 
maintain an approximately efficient circulation; in other words, blood 
concentration is kept at a level where an animal may survive. Infusion 
actually accomplishes this, and when properly practiced does not aug- 
ment pulmonary edema. 

The treatment as given must be considered as a mere outline of the 
principles followed rather than as a recital of the detailed procedure. 
Experience with the method soon showed that intensive treatment in 
the first stage of phosgene poisoning, that is, in the period of dilution, 
will, in the majority of cases, prevent extreme concentration of the 
blood characteristic of the second stage. In other words, the second 
stage is very greatly modified by proper treatment of the first stage. 
During the first stage water should not be given. 

Proper treatment of the first stage consists in venesection to the 
extent of 0.5 per cent. body weight as soon after gassing as practicable. 
The temperature and hemoglobin are then followed at one-half hour 
intervals. So long as the temperature remains normal and blood con 
centration does not diminish, further treatment is not indicated. When, 
however, the temperature rises rapidly and a fall in blood concentration 
occurs (the two changes take place simultaneously) a second venesec 
tion of 0.5 per cent. body weight is practiced. This procedure may be 
repeated a second time, that is, until blood to the extent of 1.5 per cent. 
of the body weight has been withdrawn. The large majority of cases 
need no further treatment and practically every animal survives. 

If in spite of intensive treatment in the first stage the blood becomes 
markedly concentrated and a marked fall in temperature takes place, 
the condition of the animal must be considered as very serious, and if 
left untreated the animal will surely die. At this point, of course, 
infusion of salt solution is indicated. 

The essential feature in the stage of blood concentration is to dim- 
inish if possible the degree of concentration, and we have found by 
experience that it matters little how this is attained. Thus this purpose 
may be accomplished by infusion of salt solution, by oral administra- 
tion of water or even by intraperitoneal injection of salt solution. 


Probably one half the animals in a serious condition in this stage of 
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blood concentration may be saved by following either procedure. The 
fact that fluid by mouth or peritoneal cavity acts with about the same 
efficiency as direct infusion into the circulation increases the practicality 
of the method when applied to man under field conditions where in 
many instances infusion into a vein would be out of the question. 

The efficiency of the method of treatment may be realized from the 
following figures. When dogs are gassed at a concentration of eighty 
to ninety parts phosgene per million of air for one-half hour and given 
no treatment, 21 per cent. recover. Under the same conditions, treat- 
ment as outlined enables 63 per cent. of animals to recover. Present- 
ing it differently, treatment increases the recoveries three-fold. 

With respect to the treatment of chlorin and chlorpicrin poisoning 
the principles enunciated for phosgene hold true. While the principles 
are the same there is a difference in the time of application, for in 
general in chlorin and chlorpicrin poisoning the initial stage of dilution 
is lacking. With phosgene early bleeding and delayed infusion are 
advocated, with chlorin and chlorpicrin early bleeding and early infu- 
sion are imperative. Moreover, in chlorin poisoning there is evidence 
of a significant acidosis, hence, administration of sodium bicarbonate 
by mouth is advocated, in addition to the treatment outlined for 
phosgene. 

When dogs are gassed with chlorin at a concentration of 800 to 
900 parts per million of air for one-half hour and given no treatment, 
9 per cent. of the animals recover. Under the same conditions with 
treatment as outlined, 30 per cent. of dogs recover. 

When dogs are gassed with chlorpicrin at a concentration of 110 to 
130 parts per million of air for one-half hour and given no treatment, 
43 per cent. of animals recover. With treatment, 80 per cent. recover. 

Various other types of infusion fluids such as other salt solutions, 
dextrose solutions, acacia solutions, etc., have been tested in an endeavor 
to obtain a blood diluent which would remain in the circulation for a 
considerable period. An extended experience has shown that none of 
these solutions answered our purpose so well as simple isotonic sodium 
chlorid solution. 

The results of the treatment as given justify the conclusion that the 
factor in gas poisoning exerting the greatest detrimental influence is 
the alteration in blood concentration, and further, that if blood concen- 
tration can be controlled a gassed individual has very fair chances of 
recovery from the effects of the gas. 


OXYGEN IN THE TREATMENT OF GAS POISONING 


Lack of oxygen in certain stages of gas poisoning plays a significant 
role. There is little or no evidence of an inadequate supply of oxygen 
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in the arterial blood during the first part, if not the whole of the first 
period. When, however, blood concentration becomes marked, insufti- 


cient oxygen in the arterial blood is quite apparent. In this investiga 


tion changes in blood concentration have been assumed as the respon 
sible factors leading to the condition of anoxemia. According to this 
view the viscosity of the concentrated blood leads to impaired circula- 


tion in the tissue capillaries, thus accounting for the extremely low 


oxygen content of the venous blood, which is so characteristic of gas 


poisoning. 


The question naturally arises, “Will administration of oxygen elim- 


inate anoxemia?” Again, if anoxemia is alleviated will this allow the 


individual to survive the effects of phosgene poisoning? From clinical 
experience there seems to be conflicting evidence as to the value of 


oxygen in the treatment of gas poisoning. On the whole, however, it 
would appear that the consensus of opinion indicates that oxygen 
administration is decidedly beneficial in the circumstances under dis- 
cussion. On the other hand, from an experimental viewpoint, oxygen 


as the only treatment of gas poisoning appears to have very little value, 


inasmuch as just as many gassed animals die when continuously kept 


in an atmosphere of 50 per cent. oxygen as without oxygen treatment 
Though this conclusion is inevitable from the data, it must be conceded 


that oxygen administration seems to relieve the animal. It rests more 


quietly, respiration is less difficult and obvious cyanosis disappears or 


is absent. 


An analysis of the situation reveals the reason for the failure of 


oxygen to change the death rate in phosgene poisoning. Oxygen 
administration to lethally gassed dogs may improve markedly or even 


restore to normal the oxygen content of arterial blood, without, how- 


ever, significantly increasing the content of the venous blood. In those 


instances where venous oxygen content is maintained within approx- 
imately normal limits recovery follows. The same thing may occur, 
and to the same extent, without oxygen treatment. It is therefore 
quite evident that though arterial blood contains sufficient oxygen the 


tissues are undergoing oxygen starvation. Oxygen treatment alone 
does not strike ac the fundamental difficulty, namely, oxygen starvation 
induced by an inadequate circulation. The concentrated blood is respon- 


sible for the inefficient circulation, and if the condition of the gassed 


individual is to be improved, measures must be taken to restore the 


blood to a concentration at which life is possible. It has been found 


that when the blood is treated in this way by the method outlined, suffi 


cient oxygen may be provided for tissue respiration without oxygen 


administration. It is a significant fact, however, that bleeding and 


infusion followed by oxygen administration results in the restoration 
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of both arterial and veous blood to approximately normal conditions 
with respect to oxygen content. It would appear from these facts that 
bleeding plus infusion so changes the physical character of the blood 
as to.render possible a more complete oxygenation of the tissues. 

From another viewpoint the value of oxygen in treatment is indi- 
cated. Exposure to phosgene diminishes appreciably the oxygen con- 
sumption. Breathing oxygen under these circumstances increases 
oxygen consumption. Bleeding slightly increases oxygen consumption 
although it is still below normal. It is thus apparent that venesection 
increases somewhat the ability of the animal to obtain oxygen. Breath- 
ing oxygen after venesection still further raises oxygen consumption. 
Infusion raises the oxygen consumption to a still higher level. Oxygen 
administration after infusion brings the oxygen consumption back to 
the normal level and may indeed carry it above. This should be con- 
sidered in connection with the percentage saturation of arterial and 
venous blood. <As has been pointed out above, the venous blood car- 
ries more oxygen after infusion than before. The administration of 
oxygen after infusion results practically in complete saturation of the 
arterial blood as well. The oxygen consumption is equal to or greater 
than normal; while the arterial blood is almost completely saturated 
and the venous percentage saturation indicates that the tissues are get- 
ting an ample supply of oxygen. 

The conclusion is therefore warranted that the method of treatment 
involving venesection, infusion and oxygen administration is definitely 
indicated for the reestablishment of normal conditions in the respira- 
tory functions of the blood in an animal gassed with phosgene. Under 


these circumstances recovery is made possible. 


thal 
an 
ot 
° 
f 


INDEX TO VOLUME 23 


Addis, Thomas: Relative frequency in recruits with and without thyroid 
enlargement of certain signs and symptoms which occur in neur 
circulatory asthenia .... 

Adenomata of thyroid, unusual combination of cardiac arrhythmias of 
atrial origin occurring in patient with focal infections and; Lewellys 
F. Barker and Henry B. Richardson 

Anesthesia, chloroform, influence of drugs and chemical agents on liver 
necrosis due to; N. C. Davis and G. H. Whipple 

Anesthesia, chloroform, influence of fasting and various diets 
injury effected by; N. C. Davis and G. H. Whipple 

Anemia, basal metabolism in, with especial reference to effect of blood 
transfusion on metabolism in pernicious anemia; Edna H. Tompkins, 


Harold H. Brittingham and Cecil K. Drinker 


Anemia, pernicious, studies of chemistry of; Max Kahn and Joseph Barsky 


Anemia, plasma chlorids in: an experimental study; Edward Steinfield... 


Antimeningococcus and antipneumococcus serums, standardization of: 
Augustus B. Wadsworth, Mary B. Kirkbride and Ruth Gilbert 


Antipneumococcus and antimeningococcus serums, standardization 
Augustus B. Wadsworth, Mary B. Kirkbride and Ruth Gilbert 
Arrhythmias, cardiac, of atrial origin occurring in patient with focal infec- 
tions and thyroid adenomata; Lewellys F. Barker and Henry B. 
Richardson 

Arthritis, nonspecific therapy in; study of changes in blood consequent on 
intravenous injection of typhoid protein; consideration of analogy 
between typhoid paroxysm and malarial paroxysm; David Murray 
Cowie and Henrietta Calhoun 

Asthenia, neurocirculatory, relative frequency in recruits with and without 
thyroid enlargement of certain signs and symptoms which occur in 
neurocirculatory asthenia; Thomas Addis and William J. Kerr 

Asthma, bronchial, treatment with vaccines; I. Chandler Walker 

Bacillus botulinus, toxin formation by variety of, when cultivated aerobic- 
ally under various conditions: its possible production in animal body; 
L. P. Shippen 

Bailey, C. V.: Studies on alimentary hyperglycemia and glycosuria 

Barker, Lewellys F.: Unusual combination of cardiac arrhythmias of 
atrial origin occurring in patient with focal infections and thyroid 


adenomata 


PAGE 
316 
| 
158 | 
636 | 
612 
.. 441 
334 
269 
431 
158 
69 
316 
220 
346 
455 


INDEX TO VOLUME 23 


PAGE 
Barsky, Joseph: Studies of chemistry of pernicious anemia.............. 334 
Bigelow, George H.: Nonepidemic “epidemic” meningitis................. 723 


Blood, citrated, cause of reactions following transfusion of; Cecil K. 
Blood, diastatic activity of, in cancer, syphilis and diabetes; H. H. DeNiord 
Blood sugar in diabetes mellitus, clinical significance of; John R. Williams 
Blood sugar in nephritis and other diseases, clinical significance of; John 
R. Williams and Eleanor M. Humphreys....................seeee0-: 
Blood transfusion, basal metabolism in anemia with especial reference to 
effect of blood transfusion on metabolism in pernicious anemia; Edna 
H. Tompkins, Harold H. Brittingham and Cecil K. Drinker......... 
Book Review: Radio-Diagnosis of Pleuro-Pulmonary Affections ; F. Barjon 
Bowman, Karl M.: Epidemic cerebrospinal meningitis observed at General 
Hospital No. 6, Fort McPherson, Ga., winter of 1917 and 1918........ 
Brendel, Frank P.: Report on goiter among dsaft men from the northwest 
Brittingham, Harold H.: Basal metabolism in anemia with especial refer- 
ence to effect of blood transfusion on metabolism in pernicious anemia 
Brittingham, Harold H.: Cause of reactions following transfusion of 
3rittingham, Harold H.: Plasmaphaeresis in treatment of chronic nephritis 
Brock, Samuel: Epidemic of influenza at Camp Merritt, N. J............ 
grown, R. O.: Etiology of cholecystitis and its production by injection of 
Calhoun, Henrietta: Nonspecific therapy in arthritis and infections....... 
Camac, C. N. B.: Epidemic cerebrospinal meningitis observed at General 
Hospital No. 6, Fort McPherson, Ga., winter of 1917 and 1918....... 
Cancer, diastatic activity of blood in cancer, syphilis and diabetes; H. H. 
Cantharis, physiologic action of; S. Morgulis and A. L. Muirhead........ 
Carbohydrate diet, rapid construction of liver cell protein on strict car- 
bohydrate diet contrasted with fasting; mechanisms of protein sparing 
action of carbohydrate; N. C. Davis, C. C. Hall and G. H. Whipple.. 
Carter, Edward Perkins: Observations on occurrence of inverted and 
diphasic P-waves in Lead III of human electrocardiogram.......... 
Cerebral complications of mumps with report of nine cases; Russell L. 
Chloroform and phosphorus poisoning, mechanism of protective action of 
Chloroform anesthesia, influence of drugs and chemical agents on liver 
necrosis of; N. C. Davis and G. H. Whipple...................ceeee- 


* 
7 
133 
484 
546 
a 537 
441 
655 
17 
61 
441 
304 
582 
185 
P 69 
'¥ 190 
189 
\, 1 


INDEX TO VOLUME 
Chloroform anesthesia, influence of fasting and various diets on liver injury 
effected by; N. C. Davis and G. H. Whipple 


Chloroform injury, liver regeneration following, as intluenced by various 
diets; mechanism of protein sparing action of fat; N. C. Davis and 


G. H. Whipple 
Choked disk and hydrocephalus in dogs; Louis H. Kornder.. 


Cholecystitis, etiology of, and its production by injection of streptococci: 
R. O. Brown 


Cowie, David Murray: Nonspecific therapy in arthritis and infections.... 

Cyanosis, capillary, chronic; Lovell Langstroth... 

Dannenberg, Arthur M.: Poliomyelitis, clinically atypical because of c 
plicating infection by proteus-like bacillus 

Davis, N. C.: Influence of drugs and chemical agents on liver necrosis of 
chloroform anesthesia 

Davis, N. C.: Influence of fasting and various diets on liver injury effected 
by chloroform anesthesia 

Davis, N. C.: Liver regeneration following chloroform injury as influ 

Davis, N. C.: Rapid construction of liver cell protein on a strict carbo 
hydrate diet contrasted with fasting 

DeNiord, H. H.: Diastatic activity of blood in cancer, syph.''s and diabetes 

Diabetes, diastatic activity of blood in cancer, syphilis and diabetes; 
H. H. DeNiord and B. F. Schreiner 

Diabetes mellitus, clinical significance of blood sugar in; John R. Williams 

Diabetes mellitus, observations on tolerance and rate of utilization of glu- 
cose in series of individuals exhibiting various degrees of; 
Williams and Eleanor M. Humphreys 


Drinker, Cecil K.: Basal metabolism in anemia with especial reference 
to effect of blood transfusion on metabolism in pernicious anemia.... 


Drinker, Cecil K.: Cause of reactions following transfusion of citrated 


blood 


Drinker, Cecil K.: Plasmaphaeresis in treatment of chronic nephritis and 
uremia 


Electrocardiogram, clinical significance of slight notching of R-wave 


Alfred M. Wedd 


Electrocardiogram, observations on occurrence of inverted and diphasic 
P-waves in Lead III of human electrocardiogram; Edward Perkins 
Carter and Alfred M. Wedd 


Erythrocytes, human, oxygen consumption of; George A. Harrop, 


Fatigue disease as exemplified in functional disorders of stomach 
thyroid gland; John Rogers 


Fatigue in irritable heart and other conditions; John T. King, J 


PAGE 


612 


te 
oY 
56 
309 | 
636 | 
612 
711 
689 
484 
484 
546 
559 
] 
jr..... 745 
and 
er......... 527 


INDEX TO VOLUME 23 


PAGE 


Gases, war, physiology and experimental treatment of poisoning with; 


Gay, Leslie N.: Leukocytic studies on soldiers with irritable hearts.... 


Gettler, Alexander O.: Differentiation of nephropathies, cardiopathies and 
allied conditions by determination of physical constants.............. 


Gilbert, Ruth: Standardization of antipneumococcus and antimeningococ- 


Glucose, observations on tolerance and rate of utilization of, in series of 
individuals exhibiting various degrees of diabetes mellitus; John R. 


Williams and Eleanor M. 
Glycosuria, studies on alimentary hyperglycemia and; C. V. Bailey...... 


Goiter among draft men from the northwest, report on; Frank P. Brendel 


Gordon, Alfred: Chronic form of meningococcus meningitis.............. 
Haden, Russell L.: Cerebral complications of mumps..................- 


Hall, C. C.: Rapid construction of liver cell protein on a strict carbo- 


Harrop, George A., Jr.: Oxygen consumption of human erythrocytes..... 
Headaches, pituitary, and their cure; Irving H. Pardee................. 


Heart disease, differentiation of nephropathies, cardiopathies and allied 
conditions by determination of physical constants; Alexander O. 


Heart, fatigue in irritable heart and other conditions; John T. King, Jr.. 
Hearts, irritable, leukocytic studies on soldiers with; Leslie N. Gay..... 
Helm, H. M.: Report on goiter among draft men from the northwest.... 


Herrick, W. W.: Extrameningeal meningococcus infection............... 


Hirschfelder, Arthur D.: Clinical studies on effects of louse bites 
Humphreys, Eleanor M.: Clinical significance of blood sugar in diabetes 
Humphreys, Eleanor M.: Clinical significance of blood sugar in nephritis 
Humphreys, Eleanor M.: Observations on tolerance and rate of utiliza- 
tion of glucose in series of individuals exhibiting various degrees of 


Hydrocephalus and choked disk in dogs; Louis H. Kornder.............. 
Hyperglycemia, alimentary glycosuria and, studies on; C. V. Bailey...... 


Infections, focal, unusual combination of cardiac arrhythmias of atrial 
origin occurring in patient with focal infections and thyroid adenomata.; 
Lewellys F. Barker and Henry B. Richardson............0e-eeeeeees 


‘ 753 
603 
235 
P 235 
269 
559 
455 
61 
150 
737 
689 
745 
174 
235 
408 
527 
603 
61 
419 
546 
537 
559 
197 
455 
- 
158 


INDEX TO VOLUME 23 
PAGE 

Influenza, epidemic of, at Camp Merritt, N. J.; Francis M. Rackemann 
and Samuel Brock 582 

Influenza epidemic of 1918 in American Expeditionary Forces in France 
and England; Ward J. MacNeal 

Kahn, Max: Studies on chemistry of pernicious anemia 

Kerr, William J.: Relative frequency in recruits with and without thyroid 
enlargement of certain signs and symptoms which occur in neuro- 
circulatory asthenia .... 

Kidney disease, differentiation of nephropathies, cardiopathies and allied 
conditions by determination of physical constants; Alexander O 
Gettler and Ruth Oppenheimer 
(Correction) 

King, John T., Jr.: Fatigue in irritable heart and other conditions. . 

Kirkbride, Mary B.: Standardization of antipneumococcus and antimen- 
ingococcus serums 


Kornder, Louis H.: Hydrocephalus and choked disk in dogs 

Langstroth, Lovell: Chronic capillary cyanosis 

Leukocytic studies on soldiers with irritable hearts; Leslie N. Gay 

Liver cell protein, rapid construction of, on a strict carbohydrate diet 
contrasted with fasting; mechanism of protein sparing action of carbo- 
hydrate; N. C. Davis, C. C. Hall and G. H. Whipple 

Liver injury due to chloroform anesthesia, influence of fasting and vari- 
ous diets on; N. C. Davis and G. H. Whipple 

Liver necrosis of chloroform anesthesia, influence of drugs and chemical 
agents on; N. C. Davis and G. H. Whipple 

Liver regeneration following chloroform injury as influenced by various 
diets; mechanism of protein sparing action of fat; N. C. Davis and 
G. H. Whipple 

Louse bites, clinical studies on effects of; Arthur D. Hirschfelder and 
William Moore 

MacNeal, Ward J.: Influenza epidemic of 1918 in American Expeditionary 
Forces in France and England 

Meningitis, cerebrospinal, epidemic, observed at General Hospital No. 6, 
Fort McPherson, Ga., winter of 1917 and 1918; C. N. B. Camac and 
Karl M. Bowman 

Meningitis, clinical study of, based on 215 cases; Willard J. Stone and 
Ralph C. P. Truitt 


Meningitis, “epidemic,” nonepidemic; George H. Bigelow 


Meningitis, meningococcic, epidemic among Chinese civil population, 
experiences with; Peter K. Olitsky 


Meningitis, meningococcus, chronic form of; Alfred Gordon 
Meningococcus infections, extrameningeal; W. W. Herrick 


Moore, William: Clinical studies on effect of louse bites—pediculus corporis 


e 
| 
197 
56 
603 
689 
612 
636 
711 
419 
657 
17 
| 
282 
41° 


INDEX TO VOLUME 23 


PAGE 
Morgulis, S.: Physiologic action of cantharis.............eeeeeeeeeeeees 190 
Muirhead, A. L.: Physiologic action of cantharis...........--...e++ee005 190 


Mumps: See Parotitis 


Nephritis, chronic, and uremia, plasmaphaeresis in treatment of; James P. 
O’Hare, Harold H. Brittingham and Cecil K. Drinker............... 
Nephritis, clinical significance of blood sugar in nephritis and other dis- 
eases; John R. Williams and Eleanor M. Humphreys............... 
O'Hare, James P.: Plasmaphaeresis in treatment of chronic nephritis and 
Olitsky, Peter K.: Experiences with recent epidemic of meningococcic men- 
ingitis among Chinese civil 
Oppenheimer, Ruth: Differentiation of nephropathies, cardiopathies and 
allied conditions by determination of physical constants...:........++- 


Oxygen consumption of human erythrocytes; George A. Harrop, Jr.... 


Pancreatic ferment, further studies concerning essential nature of anti- 
tryptic activity of normal serum and physiologic function of; H. Wago 
Pancreatic ferments, observations concerning pathology of; H. Wago.... 
Pardee, Irving H.: Pituitary headaches and their cure..............++-- 
Parotitis, cerebral complications of mumps with report of nine cases; 
Phosphorus and chloroform poisoning, mechanism of protective action of 
cartohydrate diet in; J. P. 
Physical constants, differentiation of nephropathies, cardiopathies and 
allied conditions by determination of; Alexander O. Gettler and 
Pituitary headaches and their cure; Irving H. Pardee...................- 
Plasma chlorids in anemia: an experimental study; Edward Steinfield... 
Plasmaphaeresis in treatment of chronic nephritis and uremia; James P. 
O'Hare, Harold H. Brittingham and Cecil K. Drinker............... 
Pneumonia, biochemical studies of pneumonic exudates with special refer- 
ence to mechanism of crisis in; Charles Weiss................+e+++- 
Pneumonic exudates, biochemical studies of, with special reference to 
mechanism of crisis in pneumonia; Charles Weiss.............++++- 
Poliomyelitis, clinically atypical because of complicating infection by 
proteus-like bacillus; Oscar T. Schultz and Arthur M. Dannenberg... 
Protein, liver cell, rapid construction of, on a strict carbohydrate diet con- 
trasted with fasting; mechanism of protein sparing action of carbo- 
hydrate; N. C. Davis, C. C. Hall and G. H. Whipple............... 
Protein therapy, nonspecific therapy in arthritis and infections; study of 
changes in blood consequent on intravenous injection of typhoid pro- 
tein; consideration of analogy between typhoid paroxysm and malarial 
paroxysm; David Murray Cowie and Henrietta Calhoun............ 


537 


304 


689 


3 
ry 
304 
|_| 
= 
380 
4 
235 
408 
33 
251 
174 
737 
362 
235 
408 
174 
511 
395 
395 
69 


INDEX TO VOLUME 


Rackemann, Francis M.: Epidemic of influenza at Camp Merritt, N. ].. 

Richardson, Henry B.: Unusual combination of cardiac arrhythmias of 
atrial origin occurring in patient with focal infections and thyroid 
adenomata 

Rogers, John: Fatigue disease as exemplified in functional disorders of 
stomach and thyroid gland 

Schreiner, B. F.: Diastatic activity of blood in cancer, syphilis and diabetes 

Schultz, Oscar T.: Poliomyelitis, clinically atypical because of compli- 
cating infection by proteus-like bacillus 

Serum, further studies concerning essential nature of antitryptic activity 
of normal serum and physiologic function of pancreatic ferments ; 
H. Wago . 
Serums, antipneumococcus and antimeningococcus, standardization 
Augustus B. Wadsworth, Mary B. Kirkbride and Ruth Gilbert 
Shippen, L. P.: Toxin formation by variety of B. botulinus when culti- 
vated aerobically under various conditions: its possible production 
in animal body 

Simonds, J. P.: Mechanism of protective action of carbohydrate diet in 
phosphorus and chloroform poisoning 

Steinfield, Edward: Plasma chlorids in anemia: an experimental study.. 

Stomach, fatigue disease as exemplified in functional disorders of stomach 
and thyroid gland; John Rogers 

Stone, Willard J.: Clinical study of meningitis based on 215 cases 

Sugar in blood in diabetes mellitus, clinical significance of; John R. Wil- 
liams and Eleanor M. Humpreys 

Sugar in blood in nephritis and other diseases, clinical 
John R. Williams and Eleanor M. Humphrey.. 

Syphilis, diastatic activity of blood in cancer, syphilis and 
DeNiord and B. F. Schreiner 

Thyroid adenomata, unusual combination of cardiac arrhythmias of atrial 
origin occurring in patient with focal infections and; Lewellys F. Bar- 
ker and Henry B. Richardson 

Thyroid enlargement, relative frequency in recruits with and without thy- 
roid enlargement of certain signs and symptoms which occur in neuro- 
circulatory asthenia; Thomas Addis and William J. Kerr 

Thyroid gland, fatigue disease as exemplified in functional 
stomach and; John Rogers 

Tompkins, Edna H.: Basal metabolism in anemia with especial reference 
to effect of blood transfusion on metabolism in pernicious anemia 


Truitt, Ralph C. P.: Clinical study of meningitis based on 215 


Typhoid protein, study of changes in blood consequent on intravenous injec- 
tion of typhoid protein; David Murray Cowie and Henrietta Calhoun. . 


Underhill, Frank P.: Physiology and experimental treatment of poisoning 
with lethal war gases 


69 


PAGE 
582 
158 
| 
484 
309 
33 
269 
346 
511 
JUS 
546 
37 
484 
158 
316 
$98 
441 
cases....... 282 
753 


INDEX TO VOLUME 23 


PAGE 
Uremia, plasmaphaeresis in treatment of chronic nephritis and; James P. 
O’Hare, Harold H. Brittingham and Cecil K. Drinker................. 304 
- Wadsworth, Augustus B.: Standardization of antipneumococcus and ant- 
Wago, H.: Further studies concerning essential nature of antitryptic 
activity of normal serum and physiologic function of pancreatic fer- 
Wago, H.: Observations concerning pathology of pancreatic ferments..... 251 
Walker, I. Chandler: Treatment of bronchial asthma with vaccines....... 220 
" War gases, lethal, physiology and experimental treatment of poisoning 


Wedd, Alfred M.: Clinical significance of slight notching of R-wave of 


Wedd, Alfred M.: Observations of occurrence of inverted and diphasic 
P-waves in Lead 111 of human electrocardiogram....................- 1 


Weiss, Charles: Biochemical studies of pneumonic exudates............... 395 


Whipple, G. H.: Influence of drugs and chemical agents on liver necrosis 
Whipple, G. H.: Influence of fasting and various diets on liver injury 
Whipple, G. H.: Liver regeneration following chloroform injury as influ- 
Whipple, G. H.: Rapid construction of liver cell protein on a strict carbo- 
hydrate diet contrasted with fasting.........ccccccccccccccrcccccccece 689 
Williams, John R.: Clinical significance of blood sugar in diabetes mellitus 546 
Williams, John R.: Clinical significance of blood sugar in nephritis and 


Williams, John R.: Observations on tolerance and rate of utilization of 


glucose in series of individuals exhibiting various degrees of diabetes 


<* 


TH Arcuives or INTERNAL Mepictne is published by the 
American Medical Association for the advancement of scien- 
tific medicine in the United States and as a medium of publication 
for research and observation in the domain of internal medicine. 
Manuscripts for publication, books for review, and correspondence 
relating to the editorial management should be sent to Dr. Joseph L. 
Miller, 122 South Michigan Boulevard, Chicago, or to any other 
member of the Editorial Board. Communications regarding sub- 
scriptions, reprints, etc., should be addressed, Arcuives or INTERNAL 
Menpictne, American Medical Association, 535 North Dearborn Street, 
Chicago. 

Articles are accepted for publication on condition that they are 
contributed solely to the Arcuives or INTERNAL Mepicine. Manu- 
scripts must be typewritten, preferably double spaced, and the original 
copy submitted. Zinc etchings, halftones and blocks for colored 
reproduction of illustrations will be supplied by the publisher when 
the original illustrations warrant. 

Footnotes and bibliographies should conform to the style of the 
Quarterly Cumulative Index published by the American Medical Asso- 
ciation. This requires, in the order given: name of author, title of 
article, name of periodical, with volume, page, month — day of month 
if weekly — and year. On receipt of stamped addressed envelope, 
“Bibliographic Style,” containing rules for footnotes and _ bibliog- 
raphies, and a list of leading medical periodicals of the world, with 
approved abbreviations, will be sent. 

Matter appearing in the Arcuives oF INTERNAL MepicINE is 
covered by copyright, but as a general thing, no objection will be made 
to its reproduction in reputable medical journals, if proper credit is 
given. 

Authors will receive one huridred reprints free ; additional reprints 
may be obtained at cost. 

The domestic subscription price per year of two volumes is $5.00; 
Canadian rate, $5.25; foreign rate, $5.40 (23 shillings, 28 francs), 
including postage. Single copies, 50 cents, postpaid. 

Make checks, etc., payable to the AMERICAN MepIcaL ASSOCIATION. 


CONTENTS 


PAGE 
Tue or 1918 tHe AmericaAN Expepr- 
TIONARY Forces IN FRANCE AND ENGLAND. Warp J. Mac- 


Tue Rarip Construction or Liver Cert Prorern On a Strict 
CARBOHYDRATE Diet CONTRASTED WITH Fastinc. MeEcHAN- 
18M OF Protein SPARING ACTION OF CARBOHYDRATT. Paper 
Ill. N.C. Davis, C. C. Hatt ann G. H. M.D., 


Liver REGENERATION FotLowinc CHLOROFORM ae AS 
INFLUENCED By Various Diets. MECHANISM oF PROTEIN 
Sparinc Action or Far. Paper IV. C. Davis anv 


G. H. Wuiprre, M.D., San FRANCISCO. 711 
NonePipemic “Epmemic”’ Meninecitis. rorce H. Bicetow, 


Tae CerepraL COMPLICATIONS OF Mumps, witH Report oF 
Nine Cases. Russect L. Haven, M.D. (Derrorr), Camp 
37 


Tse Oxycen Consumption oF HuMAN ErytHrocytes. GEORGE 
A. Harrop, Jr., M.D., BALTIMORE... 745 


Tue Puysiotocy 4nND EXPERIMENTAL TREATMENT OF POISONING 
witm tHe LetHat War Gases. FRANK P. UNDERHILL, 


% 7 4. 
| 
\ 


ba. 
i ee 
>, 
2 
+ 
\ 
Xe 


